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The book Liver Transplantation is the result of an enormous amount of work and 
scholarship, and to put so many different aspects of liver transplantation into one 
volume is a significant achievement. 


Dr Dilip and his colleagues have produced a comprehensive text on liver 
transplantation covering all aspects of this very complicated subject, starting with the 
history, the relevant anatomy of the liver, clinical and ethical aspects of liver 
transplantation with particular emphasis on the ethics of adult liver donors. The text 
is wellillustrated with particularly good photographs and details of surgical techniques. 
The complications and short- and long-term results are discussed, including the 
morbidity and mortality of living donation. The medical and anesthetic aspects of liver 
transplantation and pediatric liver transplantation are also described and the individual 
details of special diseases. 


As liver transplantation has no geographical boundaries, the book will be welcomed by the transplant units. 
It provides a very fulsome handbook of the subject, suitable for surgeons and physicians and especially young 
surgeons in training, to give them a readily available and practical "hands-on" account of liver transplantation. 


The authors are to be congratulated on this up-to-date and authoritative review of liver transplantation, 
which should be available in all medical libraries and the offices of doctors, nurses and other health care personnel 


involved in the complicated aspects of liver transplantation. 
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Hepatitis B virus is the most common cause of cirrhosis and hepatocellular carcinoma 
since many decades in Taiwan and rest of Asia, whereas hepatitis C virus is the leading 
cause in the Western countries. In Taiwan even though the first hepatic surgery program 
was started in 1954 by Dr TY Lin, and first experimental auxiliary liver transplantation 
was attempted by Dr CJ Lee in 1960; clinically first successful deceased donor liver 
transplantation was performed by Dr CL Chen in 1984. In present transplantation 
scenario, very good results can be achieved after liver transplantation due to the 
advances in surgical techniques and better postoperative care. Evolution of living donor 
liver transplantation has reduced the number of patients on waiting list and increased 
the number of transplants all over the world. 


This book "Liver Transplantation" is a complete book on liver transplantation which 
comprehensively describes almost every aspect of the liver transplantation including donor selection, surgical 
techniques practised in different types of transplantation, postoperative management, long-term complications 
and the management of complications of end stage liver disease. I believe this book is very helpful for the 
fellows who visit any liver transplantation unit. Most authors write their own experience and protocols followed 
at their transplant units. But this book includes not only our experience but also describes an overall comprehensive 
review of transplantation techniques and principles practiced in both east and west. 


The book is completed by the contribution of professionals from three different medical universities in Taiwan 
and many pioneers from across the world. We are very thankful to all the contributors for making this project 
successful. I appreciate the initiative taken by Dr Dilip and his interest and motivation in involving Chang 
Gung Memorial Hospital (Linkou and Kaohsiung branches) and National Taiwan University Hospital together 
along with many professionals from across the world to complete this project. 
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Liver transplantation as a whole is a challenging procedure in the field of surgery. Even though four decades 
have passed ever since the first successful liver transplantation, new innovative techniques are emerging each 
and every day. Evolution of living donor liver transplantation has changed the concept of liver transplantation. 
Keeping in view of changing trends in approach to the management of a patient with end stage liver disease 
and recent advances in the field of liver transplantation, it is essential to have a book which narrates everything 
about liver transplantation starting from the management of complications in a cirrhosis patient to long-term 
outcomes in liver transplantation. Every new fellow who enters a liver transplantation unit finds it difficult 
to understand the principles and techniques of liver transplantation. Each center designs its own protocols 
based on available resources. It takes time for a new comer to get acquainted with the transplantation procedures, 
postoperative management, immunosuppression and management of early and late complications of liver 
transplantation. The purpose of writing the book is to give information briefly and lucidly about the various 
surgical techniques followed at different institutions with a comparative analysis of the long-term results. This 
book describes different types of liver transplantations including their technical aspects, pre- and postoperative 
management, early and late complications and long-term outcome both in the Eastern and Western countries. 
We tried to narrate all the recent innovations in surgical techniques and management in the field of liver 
transplantation in depth. 

Iam extremely obliged to chief editors of all the journals we referred, all the contributors across the globe 
who cooperated in contributing material in the form of script, illustrations and tables, and made this one and 
half year long project successful. My sincere thanks to liver transplant teams of CGMH (Linkou), CGMH- 
Kaohsiung Medical Center and National Taiwan University Hospital. I am thankful to Prof. Miin-Fu Chen, 
Prof. Yi-Yin Jan, Prof. Chao-Long Chen, Prof. Po-Huang Lee, Prof. Wei-Chen Lee, Prof. Tsann-Long Hwang, 
Prof. Rei-Ping Tang, Prof. Ta-Sen Yeh and Dr. Yung-Chang Chen for their motivation, support and contribution 
to this project. I am very grateful to Sir Roy Calne for his timely guidance and suggestions in improving the 
quality of this book to meet the international standards. 

My wholehearted thanks to Ariel for her continuous selfless support and cooperation during the entire course 
of this project. She is closely involved in every aspect of this book starting from manuscript writing, to the 
final editing process. Such a challenging project would not have been possible without her cooperation. 

The people who made this book reader friendly and attractive by their graphic designing skills and hard 
work are Shu Fang Huang, Stone, Yueh Chia He, Stacey Hsu, Ming yu Lin and Ivy Cheng. I personally remain 
indebted to them. My sincere thanks to Dr. Hitesh Gopalan for his inspiration and timely suggestions. The 
people behind my success are my parents, my family Dr Vani, Navisha and Anushka. My sincere thanks to 
Shri Jitendar P Vij (Chairman and Managing Director), Mr Tarun Duneja (Director-Publishing) and Staff of 
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INTRODUCTION 

Translations in Sanskrit written in 12th century BC reveal 
a legend about a Hindu God who transplanted the head 
of an elephant (xenograft) onto a boy whom the God had 
wrongly beheaded.! However, this was lacking an 
immunological explanation for xenotransplantation. The 
earliest reports on transplantation related to 
allotransplantation were experimental. In 600 BC, an 
Indian surgeon, Sushruta, supposedly used skin flaps to 
replace cut-off noses (the nose was often cut-off as a 
punishment)? In 255 BC, a famous Chinese surgeon, Pien 
Ch'iao, successfully exchanged the hearts of 2 soldiers 
Ying and Yang. This was considered to be first reference 
of general anesthesia; to perform surgery? 

Tn the 2nd century AD the concept of transplantation 
was first evoked by a Chinese surgeon, Hua-To, who 
replaced sick organs by healthy organs while making it 
clear that his purpose was to cure patients.* In the 3rd 
century AD, in Rome, Italy, two Syrian doctors, Cosmas 
and Damian amputated the cancerous leg of a sacristan 
suffering from gas gangrene and replaced it with the leg 
of a dead black man.5^ In the 16th century, an Italian 
surgeon, Gaspare Tagliacozzi, took up and improved the 
nose graft techniques of Susrata." He noted the difficulties 
associated with transplantation. 

In 1902, Emerich Ullmann performed the first 
experimental kidney transplantation in dogs in Vienna. 
A few years later, in 1906, Mathieu Jaboulay, professor 
of surgery in Lyon, France, connected the renal vessels 
of a sheep and a pig kidney, respectively, to the brachial 
vessels of two patients who were dying of renal failure. 
Both kidneys failed to work. But these were the first 
transplants, albeit xenografts, that had been placed in 
humans. The first cadaveric kidney transplant was 
performed in 1936 in an attempt to treat renal failure after 
mercury poisoning, but the patient died after 2 days.* 
Later on 23rd Dec 1954, first successful kidney 


transplantation was performed between 2 identical twins, 
who was dying of renal disease. The surgery was 
performed at the Peter Bent Brigham Hospital in Boston 
by Joseph Murray, John Merrill, Hartwell Harrison and 
their team. The operation was successful and renal 
function was restored in the recipient, and the donor 
suffered no adverse effects. This was the first successful 
transplantation, performed against a background of 
failure.?10 


HISTORY OF LIVER TRANSPLANTATION 


Liver transplantation was first attempted in dogs by 
Welch in Albany in 1955 and Cannon in California in 1956. 
In the late 1950s and early 1960s two centers, Starzl 
working in Denver!! and Moore in Boston were interested 
in the technique of transplanting the liver, which was 
clearly going to be a formidable undertaking. Both had 
realized that dogs would not tolerate clamping of the vena 
cava and portal vein that is necessary to take out and 
transplant the liver.? On 1st March, 1963, Thomas E Starzl 
(Figure 1.1) in Denver, University of Colorado Health 
Sciences Center (UCHSC), USA had performed the first 
human liver transplantation in the world in a 3 years old 
child with biliary atresia and received the liver from 
another child who died from brain tumor. But they could 
not complete the surgery and patient died due to 
uncontrolled hemorrhage.? The second liver 
transplantation in man was performed on 5th May, 1963. 
Patient died on the 22nd postoperative day due to 
pulmonary embolism but with a normal liver. Starzl 
therefore decided to have a moratorium on clinical 
application of liver transplantation that lasted until 1967 
when he started his main program. The first long term 
survival was achieved in 1967 by Starzl in Denver, 
Colorado, USA.!*15 Despite the developments in surgical 
techniques, liver transplantation remained experimental 
till 1970 with 1 yr patient survival rate around 25%. 


Figure 1.1: Prof Thomas E Starzl (World's 1st Liver transplantation) 
[Contributed and reproduced with permission of Terry Mangan, 
UPMC, USA] 


By the end of summer 1967, the Denver experience 
included 11 liver transplantations. Fight of the patients 
had undergone orthotopic liver transplantation, and three 
had been provided with an auxiliary liver. Early immuno- 
suppressive therapy consisted of azathioprine and 
prednisolone, but rejection was usually rapid. None of 
these patients had recovered their health; the longest 
survival was 34 days. In the same year, a chamber for 
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the preservation of the liver was developed in Denver. 
The system included perfusion of the liver with diluted 
blood under hypothermia and hyperbaric oxygenation. 
When dog livers were placed in the chamber, it was found 
that the livers could be preserved for 8 hours.!® At the 
same time, Denver group set out to prepare antihuman 
anti-lymphocyte globulin (ALG). 

In July 1967, a 2% yrs old child underwent orthotopic 
liver transplantation on (23rd July, 1967). The donor liver 
had been maintained for 3 hours in the preservation 
chamber. The early postoperative function was 
satisfactory. Postoperatively, antilymphocyte globulin 
(ALG) was given for several months in combination with 
azathioprine, and prednisolone. During the following 2 
months, two more infants, both suffering from biliary 
atresia, underwent orthotopic liver transplantation. The 
protocol was the same as that for the first child. These 
three children were the first to achieve extended survival 
after liver transplantation." In 1969, Starzl published a 
monograph on liver transplantation, and by that time 25 
patients had been treated in Denver and a number of the 
patients had survived for more than 1 year." 

Thomas E Starzl’s pioneering efforts in organ 
transplantation for four decades have resulted in clinically 
proven treatments for patients with end-staged organ 
failure, who were previously doomed to death. His 
contributions to immunosuppression, organ 
procurement, organ preservation, tissue matching, 
surgical transplant technology, and the team approach 
to organ transplantation paved the way for the acceptance 


‘ABLE 1.1: Historical milestones of liver transplantation 

Type of liver transplantation Surgeon and Country 
1963 1st Liver transplantation (biliary atresia) Starzl TE, Denver, Colorado, USA 
1964 1st Liver transplantation in Asia from 

non-heartbeating donor (biliary atresia) Nakayama, Chiba Univ., Japan 
1967 1st Successful liver transplantation Starzl TE Denver, Colorado, USA 
1968 1st Long-term survival (1 yr) of child Denver, Colorado, USA 
1968 1st Liver transplantation in Europe Roy Y Calne,Cambridge, Europe 
1983 NIH Consensus Conference declares liver transplantation 


is justified in the treatment of ESLD 


1984 1st Reduced-size liver transplantation Bismuth H, Univ Paris Sud, France 
1987 1st LDLT in a child Raia S, Univ. of São Paulo Brazil 
1987 Introduction of University of Wisconsin Solution 
1988 1st Split Liver transplantation (2nd Feb.) Pichlmayr R, Germany 
1989 1st Successful LDLT in child Strong RW, Brisbane, Australia 
1989 1st LDLT in Asia (Biliary atresia) Nagasue, Japan 
1993 1st Adult to aduit LDLT Makuuchi, Tokyo Univ., Japan 
1997 1st Split Liver transplantation in Asia Chen CL, Chang Gung Univ, Taiwan 
2000 1st Dual graft transplantation Lee SG, Ulsan Univ., Korea 
2001 UNOS/OPTN Board of Directors approve MELD and PELD 

scoring system for organ allocation in liver transplantation 
2002 MELD and PELD Scoring system becomes effective 


2007 1st Dual graft transplantation in Europe 


Broering DC, H-E Univ, Germany 


B 0 Uncontrolled hemorrhage Denver 
2. 22 Sepsis and pulmonary embolism Denver 
3. 75 Sepsis and pulmonary embolism Denver 
4. 65 Pulm. edema, hepatic failure, and pulm. embolism Denver 
5. 11 Hepatic failure, pneumonitis, and liver abscess Boston 
6. 23 Peritonitis, sepsis, and hepatic failure Denver 
ca 0 Hemorrhage Paris. 


of heart, lung, pancreas, intestinal, liver, and kidney 
transplantation. Starzl combined the marginally effective 
drugs, azathioprine and prednisolone, in a strategy (1962- 
63) that made kidney transplantation a viable option for 
treatment of end-stage renal disease. 

Dr Starzl introduced the first major innovation in 
hypothermia, when canine liver allografts were cooled 
by infusion of chilled fluids into the vascular bed of 
hepatic allografts via the portal vein.?! In the initial stages 
of liver transplantation, 1-year survival rates were below 
30% due to various limitations related to surgical 
technique, ineffective immunosuppression, and 
inadequate postoperative care. But results later improved 
drastically. 

Till now, 8 patients have survived for more than 30 
years after liver transplantation worldwide and 6 of them 
are from the Denver series.” The longest survivor has 
had her new liver for 38 years. This patient was only 3 
years old at the time of transplantation. Carl Groth 
reported that a total of 8 patients transplanted with livers 
from nonheart-beating donors have by now survived for 
more than 20 years in Stockholm.?? 

One of Starzl’s early experimental animals survived 
for many years after the immunosuppressant had been 
stopped.? In Cambridge, Roy Y Calne (Figure 1.2) and 
team were fascinated with the immunological studies of 
orthotopic liver transplantation and decided to follow 
Starzl with clinical application in April 1968.? Clane 
performed 1st OLT on May 2, 1968, in Addenbrookes 
Hospital, Europe. In any immunosuppressed patient with 
an organ graft, there is a danger of sepsis, or infection, 
and this was in fact the cause of failure in many of the 
early cases performed in Cambridge. 

Starzl wrote in Annals of Surgery (1994): Once a 
seam is opened in the fabric of the finished transplant 
product by rejection or by the drugs used to control it— 
whether this be in the graft vasculature, drainage system 
or any other components of the operation—the deadly 
handmaid of sepsis................. is close by. 


transplantation in Europe, and World's 1st combined heart, lung 
and liver transplantation) (Reproduced with permission from Sir Roy 
Y Caine) 


CONCEPT OF LIVING DONOR LIVER 
TRANSPLANTATION (LDLT) 


Silvano Raia (Figure 1.3) in San Paolo, Brazil, introduced 
the concept of a living donor transplant to a child.?! The 
first attempt was performed in December, 1988 without 
success (the child died on the 6th postoperative day 
during hemodialysis). The second one was performed in 
July, 21st, 1989 and the girl survived for 4.5 months and 
died probably due to CMV infection. His efforts were not 
successful but were followed up shortly afterward by 
cases done in Brisbane, Australia by Russell Strong with 
success.? This provided an opportunity to develop liver 
transplantation in Japan by Makuuchi M and Tanaka K? 


Figure 1.3: Prof Silvano Raia. Professor emeritus at the Faculty 
of Medicine of the University of San Paulo, San Paulo, Brazil (World's 
first Living Donor Liver Transplantation in a child) (Contributed and 
reproduced with permission of Dr. Sergio Mies, Sao Paulo Medical 
School - USP, Liver Unit, Instituto Dante Pazzanese de Cardiologia. 
São Paulo-SP, Brazil) 


that previously had been impossible due to the law on 
organ donation and reluctance of the public to donate 
organs. However, parents would frequently offer a lobe 
of a liver for their child. The Japanese became the most 
experienced and skillful exponents of this technique in 
the world, although there was also enthusiasm for it in 
other centers particularly in the United States. 

As results improved and FK506 (tacrolimus) became 
available as another calcineurin inhibitor like 
cyclosporine, but with certain advantages in therapeutic 
index for liver transplants, the criteria of selection for 
living donors widened to people who are not necessarily 
parents of a child, but more distant relatives or even 
friends. Then, adult-to-adult living donation was 
popularized in Hong Kong by ST Fan whose excellent 
techniques showed that good results could be obtained 
either using the right or left lobe, depending on the size 
of the donor and recipient.? In Taiwan, first successful 
deceased donor liver transplantation was performed in 
March 1984 by CL Chen and his team. 
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ADULT-TO-ADULT LDLT 


Initially adult-to-adult liver transplantation was 
considered as hazardous to the donor. The exact mortality 
is not known but it has been calculated to be around 
0.1-1% either due to complications or inappropriate donor 
selection with small residual volume or a fatty liver 
leading to hepatic failure after surgery. But the techniques 
of LDLT are refined with gaining experience the 
morbidity and mortality rates are less and risk of the 
donor can be balanced against the benefits of the recipient. 


SPLIT LIVER 


First split liver transplantation was done on 2nd Feb. 1988 
by Rudolf Pichlmayr (Figure 1.4), Germany, later many 
studies have been reported and is an option to increase 
the donor pool in carefully selected deceased donor. In 
Asia, Chen CL from Taiwan performed the first split liver 
transplantation in May 1997, followed by KC Tan in July 
1997 in Singapore. ? Initially, split liver was used for one 
adult and one pediatric patient, but in the present 
transplantation scenario, split liver for 2 adults is the 
subject of interest. 


Figure 1.4: Prof Rudolf Pichimayr (1932-1997) (First split liver 
transplantation) (Contributed and reproduced with permission of S. 
Karger AG, Medical and Scientific Publishers, Allschwilerstrasse, 
Basel, Switzerland) 


DOMINOS 


1st domino transplantation was introduced in 1997 to 
increase the donor pool. But this is popular in few 
countries—Portugal, Japan, and in Sweden, where 
metabolic diseases like Familial amyloid polyneuropathy 
was seen. Few cases were also done in Spain, UK and 
USA. 


ABO-INCOMPATIBLE (ABO-I) LDLT” 


The first ABO-I LDLT was performed in November 1991 
in Japan to overcome the organ shortage. As per the data 
of National Registry of the Japan Study Group for ABO- 
incompatible, 291 (155 children and 136 adults) ABO-I 
LDLTs have been performed till March 2006 in Japan from 
28 institutions. ABO-incompatible LDLT is a standard 
practice in children (« 2 years), and plasmapharesis, local 
infusion and rituximab prophylaxis are promising in 
adults. In adult LDLT, it is exceptionally performed only 
asarescue option in an emergent situation where suitable 
donor is not available. 


DUAL GRAFTS 


First Dual grafts reported by Lee SG and team from Korea 
in 2000.55 Several reports suggesting excellent results of 
this procedure have already been published.5* 


HISTORICAL REVIEW OF IMMUNOSUPPRESSION 
IMMUNOSUPPRESSION DURING EARLIER TIMES 


In 1944, Medawar reported that rejection is an 
immunological event; suppression of the immune system 
was shown to prolong skin and renal graft survival in 
animals. 

Immunosuppression in the early 1960s was first 
performed with total body irradiation,’ corticosteroid 
therapy," and later 6-mercaptopurine and its derivative 
azathioprine. In animal experiments and clinical trials, 
no single modality or combination provided complete 
control of rejection without lethal side effects. In 1963, 
Starzl discovered that azathioprine and prednisone had 
a synergistic effect in animals.*! When these two drugs 
were immediately applied in human kidney transplant 
recipients,*?3 the result was a revolution in clinical 
transplantation. Rejection could usually be reversed with 
prednisone, and the amount of drugs required could often 
be reduced with time.** 

In 1967, at the University of Colorado, first clinical trials 
were performed with an antilymphocyte globulin 
prepared from sensitized horses® and used as a 
supplement to azathioprine and prednisone. Most 
attempts at liver transplantation in 1967 and 1968 at the 


TABLE 1.3: Historical review of rejection and 
immunosuppre: 


1900 ABO blood grouping defined 
1916 Immune properties of lymphocytes discovered 
1944 Immunological basis of rejection discovered by Medawar 
1948  Histocompatibility gene identified in the mice 
1950 Histocompatibility complex identified in humans 
1951 Lymphocyte sensitivity to radiation discovered 
Organic compounds used to prevent rejection 
1959 Total body irradiation used to prevent rejection, survival 
of allografts used linked to HLA typing 
Clinical trials on Azathioprine 
Experimental transplantation between baboons and 
humans 
Animal experiments with antilymphocyte serum 
Antilymphocyte globulins used clinically in heart 
transplantation 
Immune properties of cyclosporine discovered 
Immune properties of cyclosporine discovered 
T cell inhibition of cyclosporine discovered 
Calne first introduced cyclosporine A in renal allografts 
1979 FDA approves cyclosporine A for clinical use 
Combined cyclosporine and steroids used 
1981 Klintmalm reported the nephrotoxicity of Cs A 
1984 Immune properties of Tacrolimus discovered 
1989 Tacrolimus introduced into clinical trials 
1990 1st reports of MMF use in rejection 
1993 OKT3 used for induction therapy 
Chimerism in organ transplantation discovered. 
1996 Interleukin expression discovered 
1998  Interleukin pathway blocked to prevent rejection 
1999 Donor specific tolerance experiments. 


University of Colorado were initially successful, but all 
recipients eventually died. The first long-term survivor 
died of recurrent cancer at 400 days post-transplant.5667 
During the next 12 years, however, the one-year mortality 
rate never fell below 50%. In the meantime, other 
researchers around the world were also initiating 
attempts to transplant livers. At Cambridge University 
in England, Roy Calne began clinical trials in 1967.5 
Rudolf Pichlmayr started a program in Hanover in 1972, 
and Henri Bismuth started in Paris in 1974. Nevertheless, 
liver transplantation remained an impractical procedure 
because of the high mortality rate. 


CYCLOSPORINE ERA 


Jean Borel in 1977 showed that the cyclic peptide 
cyclosporine A prolonged skin graft survival and 
inhibited immune reactions. Clinical trials with 
cyclosporine were conducted in cadaveric renal 
transplantation by Calne.? The combination of 
cyclosporine with steroids was used in liver transplant 
trials by Starzl. 


The greatly improved results reported with 
cyclosporine A from 1981 to 1982 led to the historic NIH 
Consensus Development Conference in 1983,6! at which 
the world's four largest transplant centers presented their 
results. The conclusion, that liver transplantation was no 
longer to be considered an experimental procedure, was 
followed over the next few years by phenomenal increase 
in the number of liver transplants, transplant centers, and 
liver transplant candidates. In 1988, when Starzl reported 
thePittsburgh experience with 1000 liver transplants with 
cyclosporine,” the one-year patient survival rate had risen 
from 27% with azathioprine to 74% with cyclosporine. 


TACROLIMUS ERA 


In 1989, tacrolimus, another potent calcineurin inhibitor, 
was introduced in clinical practice in Pittsburgh.5?5* 
Tacrolimus was found to be effective in reducing the 
frequency of acute and chronic rejection in liver 
transplantation. Later these two calcineurin inhibitors, 
cyclosporine and tacrolimus, have become the primary 
immunosuppressive agents for transplantation of not 
only the liver but also other organs. 

Recently, additional immunosuppressive agents with 
different mechanisms of action have become available 
such mycophenolate mofetil, sirolimus, etc. These agents 
are usually used in combination with lowered doses of 
a calcineurin inhibitor, to boost immunosuppression with 
additive or synergistic effects and to reduce the adverse 
effects of calcineurin inhibitors. 
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INTRODUCTION 


Liver accounts for approximately 2 to 3% of the total body 
weight of an adult and weighs approximately 1400-1600 
gm. Understanding of segmental and lobar anatomy of 
liver is very important before proceeding for any hepatic 
resections or liver transplantation. The ability to 
regenerate after resection or trauma is unique 
characteristic of liver, which allows a surgeon to perform 
major resections. 


EMBRYOLOGY 


The liver is one of the first organs to develop in the 
embryo, and it rapidly becomes one of the largest organs 
in the fetus.! The development of the liver parenchyma, 
biliary system, and vascular supply reflects the 
anatomical relationships of these structures in the adult 
organ. The transverse septum (septum transversum) 
arises at an embryonic junctional site. The junctional 
region externally is where the ectoderm of the amnion 
meets the endoderm of the yolk sac. The junctional region 
internally is where the foregut meets the midgut. The 
mesenchymal structure of the transverse septum provides 
a support within which both blood vessels and the liver 
begin to form. This structure grows rapidly. The 
transverse septum then differentiates to form the hepatic 
diverticulum and the hepatic primordium; these two 
structures together will go on to form different 
components of the mature liver and gall bladder. 

In fetal life, organization of the hepatic epithelial cords 
occurs around the developing portal vein, which itself 
arises from the vitelline and umbilical veins? The 
development of the hepatic artery closely parallels the 
development of the bile ducts.?^ The arterial and biliary 
systems are immature at birth. Development of arterial 
vessels and peri-biliary plexuses begins at the hilum and 
spreads to the periphery mimicking the development of 
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Development of Hepatic diverticulum 
Cellular differentiation 
Septum transversum forming liver stroma 
Hepatic diverticulum forming hepatic trabeculae 
Epithelial cord proliferation enmeshing stromal capillaries 
Enlargement of hepatic gland and its vascular channels 


Bile ducts become reorganized 
(continuity between liver cells and gut) 


Development of biliary ductules in periportal connective tissue 
Produces ductal plates that receive biliary capillaries 


Flow charts 2.1A and B: Sequence of events 
in the development of liver 
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ducts in that order. The hepatic arterial system in humans 
continues to proliferate and grows to reach an adult form. 
only at 15 years of age, suggesting that, unlike the portal 
supply, the arterial supply is not crucial to lobular 
architecture.*> 


LIGAMENTS OF LIVER (FIGURE 2.1) 

The liver is covered by a Glisson capsule. It envelops all 
the 3 structures such as hepatic artery, portal vein, and 
bile duct at the hilum of the liver. 

Ligaments of liver are composed of regular connective 
tissue?7 which support the liver. The ligaments are: 

* Round ligament (Ligamentum teres) 

Falciform ligament 

Coronary ligament 

Right and left triangular 

Ligamentum venosum 

where the bare area of the liver connects to the 
diaphragm, the liver is suspended mostly by the 
ligaments and hepatic veins.5 The 2 layers of parietal 
peritoneum continue as falciform ligament and surround 
the liver except in the bare area, where the two layers 
separate to form the coronary ligament and the left 
triangular ligament. The left layer of the falciform 
ligament becomes the superior layer of the left coronary 
ligament. The right layer becomes the upper layer of the 
coronary ligament, which meets the lower layer to form 
the right triangular ligament. 

The lower layer of the coronary ligament continues 
on the posterior surface of the liver and can reflect on 
the upper part of the right kidney to form the hepatorenal 
ligament. Then it passes in front of the groove for the 
inferior vena cava (IVC), and, after a semicircular course 
in front of the caudate lobe, it meets the right leaf of the 


Coronary ligament 


Right triangular ligament Left triangular ligament 


Falciform ligament 


Round ligament 
(ligamentum teres) 


Figure 2.1: Ligaments of liver 


lesser omentum. The leaf of the lesser omentum continues 
in the posterior leaf of the left triangular ligament 


LOBAR AND SEGMENTAL ANATOMY OF LIVER 


Anatomically liver has 4 lobes such as right, left, quadrate, 
and caudate." Right and left lobes are separated by the 
falciform ligament on the anterosuperior surface 
(portoumbilical fissure). On the visceral surface of the 
liver, ligamentum teres and the fissures for the 
ligamentum venosum separate both the lobes. The 
quadrate lobe is demarcated in the visceral surface of the 
liver by the gallbladder fossa, porta hepatis, and the 
portoumbilical fissure. The caudate lobe is demarcated 
by the groove for the IVC and the fissure of the venous 
ligament. The right portion of the caudate lobe is 
continuous with the right lobe by the caudate process.*° 


FUNCTIONAL/SURGICAL LOBES OF LIVER 


Rex et al in 1988 showed the plane of division is not 
through the falciform ligament but through a plane 
passing through the gallbladder bed and the notch of the 
IVC?, later in 1897 Cantle described the Cantle’s line 
dividing the surgical/ functional right and left lobes.!° 


SEGMENTAL ANATOMY OF LIVER 


The liver is divided into segments based on inflow, 
outflow and biliary drainage. Most widely accepted 
segmental anatomy of liver was reported by Couinaud 
in 1954,17? later Bismuth in 1982, also presented his report 
about segmental anatomy. 


COUINAUD'S SEGMENTAL ANATOMY (FIGURE 2.2) 


This anatomy is based on portal and hepatic venous 
distribution’ and shows a special consideration to 
caudate lobe. Fissures of the three hepatic veins (portal 
scissurae) divide the liver into four sectors (segments), 
lateral and paramedian, on the right and left sides, 
respectively. The planes containing portal pedicles are 
called hepatic scissurae.5* 


8 segments of liver: 


Segment I Right lobe Left lobe 

Caudate lobe Segment V Segment IT 
Segment VI Segment IIT 
Segment VII SegmentIV 
Segment VIII 


Couinaud et al'? and Filipponi et al!5 also used the 
term segment IX for an area of the dorsal sector of the 
liver close to the IVC. In 2002, however, Abdalla et al'® 
reported that there are no separate veins, arteries, or ducts 


Caudate lobe veins 


Figure 2.2: Schematic representation of anatomical segments of liver (RHV: Right hepatic vein, 
LHV: Left hepatic vein, MHV: Middle hepatic vein, IVC: Inferior vena cava) 


that can be defined for the right paracaval portion of the 
posterior liver and because pedicles cross the proposed 
division between the right and left caudate, the concept 
of segment IX is abandoned." 


BISMUTH'S SEGMENTAL ANATOMY"? 


He used the three fissures (scissurae) hosting the hepatic 
veins and a transverse fissure passing through the right 
and left portal branches. Bismuth described a right and 
left hemiliver divided by the median fissure, with each 
hemiliver having anterior (topographically medial) and 
posterior (topographically lateral) sectors (segments). He 
took into specific consideration the caudate lobe (segment 
I). The left lobe is thus divided into three segments: II 
(left lateral superior subsegment), III (left lateral inferior 
subsegment), and IV (left medial subsegment). The right 
lobe has four segments: V (right anterior inferior 
subsegment), VI (right anterior superior subsegment), VII 
(right posterior inferior subsegment), and VIII (right 
posterior superior subsegment).5* 


SEGMENT | 


Caudate lobe needs special consideration, relating to the 
portal and biliary drainage. The number of portal 
branches of segment I varies from 1 to 6 (average 3).? 


Segment I has its own biliary drainage.” The le 
hepatic duct receives one (or more) duct of segment 
and one or two ducts of segment I. The right duct receiv 
one duct of segment I. Biliary drainage of segment I go 
to both hepatic ducts (80%). In 15% cases bile draina; 
is only to the left hepatic duct and in 5% to the rigl 
always close to the biliary confluence at a variab 
location. The segment I ducts are posterior, runnir 
above the portal branch and joining the correspondir 
bile duct on its posterior margin. 


ANATOMICAL RELATIONS AROUND THE HILU 
A precise understanding of general hilar anatomy is tl 
key correctly dissecting and dividing the hilar structure 
The technical difficulty in LDLT is the division of the hil 
structures outside the liver. The most commc 
anatomical variants of hilar structures are shown in tl 
Figure 2.4. The hepatic hilum and the hepatoduoden 
ligament are composed of three layers!*: 

* Portal vein located in the most dorsal aspect 

* Hepatic artery located in the middle 

* Bile duct located in its most ventral aspect 


PORTAL VEIN 

Portal venous anatomy is usually very regular ar 
divides on the right side of the hepatic hilum. The k 
portal vein consists of a transverse portion that runs frc 


the bifurcation of the main portal vein to the ligamentum 
venosum and an umbilical portion that runs upward in 
the umbilical fissure. The portal vein is 7 and 10 cm 
long and 0.8 and 1.4 cm in diameter and is without valves. 
Itis formed by the union of superior mesenteric vein and 
the splenic vein behind the neck of the pancreas. At the 
porta hepatis, the portal vein bifurcates into right and 
left branches before entering the liver (Figure 2.3). Usually 
portal veins are found posterior to hepatic arteries and 
the bile ducts in their lobar and segmental distribution. 

The right branch of the portal vein is located anterior 
to the caudate process and is shorter than the left branch. 
Near its origin it gives off a branch for the caudate lobe. 
It follows the distribution of the right hepatic artery and 
duct and bifurcates into anterior and posterior segmental 
branches as soon as it enters the hepatic parenchyma. 
Each segmental branch further divides into inferior and 
superior subsegmental branches for its respective 
parenchymal subsegments. Left portal vein has a long 
extrahepatic course. It has two parts, transverse and 
umbilical. It begins in the porta hepatis as the transverse 
part?!, which gives off a caudate branch, and travels to 
the left, 

Atthe level of the umbilical fissure, the umbilical part 
turns sharply. It courses anteriorly in the direction of the 
round ligament and terminates in a cul-de sac proximally 
to the inferior border of the liver.? Here it is joined 
anteriorly by the round ligament (ligamentum teres 
hepatis)? The left portal vein divides into medial and 
lateral segmental branches, each with superior and 
inferior subsegmental branches. The umbilical part 
provides the superior and inferior subsegmental veins 
for the lateral segment and also provides the medial 
segmental veins from its right side! 


HEPATIC ARTERY 


Common hepatic artery takes origin from the celiac trunk 
(86%); other sources are the superior mesenteric artery 
(2.9%), the aorta (1.1%), and, very rarely, the left gastric 
artery.? The common hepatic artery then runs 
horizontally along the upper border of the head of the 
pancreas covered by the peritoneum of the posterior wall 
of the omental bursa. The gastroduodenal artery branches 
off the common hepatic artery posterior and superior to 
the duodenum. The common hepatic artery continues as 
the proper hepatic artery and turns upward to ascend 
in the lesser omentum, enveloped by the hepato-duodenal 
ligament, in front of the epiploic (Winslow's) foramen. 
Within the hepato-duodenal ligament, the proper hepatic 
artery lies to the left of the common bile duct and anterior 
to the portal vein. The portal vein, however, is located 
posteriorly or deeper to the proper hepatic artery and the 
common bile duct. 


Figure 2.3: Formation of portal vein and its branches (SMV: Superior 
mesenteric vein, IMV: Inferior mesenteric vein, SV: Splenic vein, 
LGV: Left gastric vein, RHV: Right gastric vein, MPV: Main portal 
vein, RPV: Right portal vein, LPV: Left portal vein, PSPDV: Posterior 
‘superior pancreaticoduodenal artery, SGV: Short gastric vein, Eso. 
vein: esophageal vein) 


Figure 2.4: Course and relations of structures around hepatic hilum. 
(RHA: Right hepatic artery, LHA: Left hepatic artery, LPV: Left portal 
vein, RPV: Right portal vein, CBD: Common bile duct, CD: Cystic 
duct, RHD: Right hepatic duct, LHD: Left hepatic duct, RAHD: Right 
hepatic duct, RPHD: Right posterior hepatic duct) (Modified and 
redrawn with permission of H. Imamura) 


Within the ligament the proper hepatic artery divides 
into a large right branch, smaller left and middle branches 
more proximally in the hepatoduodenal ligament than 
the divisions of the bile duct or portal vein. Both right 
and left branches have a relatively long extrahepatic 
course that of other hilar structures. The right hepatic 
artery is usually larger and passes behind the bile duct 
immediately after branding off the proper hepatic artery. 
The left and middle hepatic arteries travel along the left 
side of the hepatoduodenal ligament, with no relationship 
to the bile duct until the end of the transverse portion. 
Hepatic artery is also subjected to more anatomical 
variations." 


BILE DUCT 


It normally follows an extrahepatic course very similar 
to that of the portal vein. Its bifurcation is located more 
cranially than that of the portal vein or hepatic artery. 
Immediately after bifurcating, its right and left branches 
run ventrally to portal vein, but they pass to the dorsal 
aspect of the right and left portal branches more cranially. 
Anatomical variations are much more common in bile 
duct than the portal vein.^ 


Blood Supply of the Bile Duct 


The hilar duct receives a copious supply of arterial blood 
from its surroundings, forming a rich arterial plexus on 
the surface of the duct in continuity with the vessels 
around the supraduodenal duct. A communicating arcade 
between the right and left arterial system is located within 
the hilar plate, and originated from the segment 4 arteries 
and the right branch of the middle hepatic artery” 

Bile duct anatomy and its blood supply requires 
attention in living donor liver transplantation (LDLT). The 
blood supply for biliary anastomosis is a major concern 
in LDLT. 60% of the arterial supply of bile duct comes 
from the caudal side through preduodenal arteries. Blood 
vessels are located at 3 and 9 o'clock positions in the CBD 
and retro-portal arteries give rise to multiple arteriolar 
branches, which form a free anastomosis within the wall 
of the bile duct?* 

CBD is supplied by Epicholedochal plexus receives 
blood supply from 3 arterial branches?” (shown in Figures 
2.5 and 2.6): 

* Branch from posterior superior pancreaticoduodenal 
artery (PSPDA). 

* Branch from right hepatic artery arising at the point 
where it passes behind the CBD. 

* Branch running caudally from the arteries of hepatic 
hilum. 

All these branches communicate with each other, but 
the division of any one of them occasionally results in 
biliary ischemia. RHA courses parallel to the right bile 
duct branch towards the liver on its dorsal aspect. 
Dissection of dorsal aspect of right bile duct should be 
avoided when harvesting the right lobe graft in LDLT, 
in order to avoid devascularization of this branch. RHA 
should be divided to the right of CBD during donor 
hepatectomy. 


INTRAHEPATIC BILIARY ANATOMY (FIGURE 2.7) 
Intrahepatic bile duct anatomy is very important in LDLT 
during donor hepatectomy. Anomalies of the bile ducts 
are much more common than those of the portal vein.2527 
Intraoperative cholangiography is essential to visualize 
the biliary anatomy and identifying the precise site of 


Figure 2.5: Blood supply of extrahepatic bile duct and Epichole- 
dochal plexus. (Anterior view) (HAP: Hepatic artery proper; PSPDA: 
Posterior superior pancreaticoduodenal artery; RHA: Right hepatic 
artery) (Modified and redrawn with permission of H Imamura?) 


Br. from hepatic hilum 


Br. from RHA’ 


Figure 2.6: Normal blood supply of bile duct. (HAP: Hepatic artery 
proper; PSPDA: Posterior superior pancreaticoduodenal artery; RHA: 
Right hepatic artery) (Modified and redrawn with permission of H 
Imamura?) (Lateral view of blood supply to extrahepatic bile duct: 
Arterial supply from PSPDA, arterial supply from the RHA arising 
at the point where it passes posterior to the common bile duct, 
and arteries running caudally from the hepatic hilum) 


Figure 2.7: Normal intrahepatic biliary anatomy 


division.?? Bile canaliculi are formed by parts of the 
membrane of adjacent parenchymal cells, and they are 
isolated from the perisinusoidal space by junctions. Bile 
flows from the canaliculi through ductules (canals of 
Hering) into the interlobular bile ducts found in portal 
pedicles. 


RIGHT HEPATIC DUCT 


The right hepatic duct has an average length of 0.9 cm 
and is formed by the union of the anterior and posterior 
sectorial branches close to the porta hepatis. 


Anterior branch: Drains segment V (Va and Vb) and VIII 
(VIIa and VIIb). 


Posterior branch: Drains segment VI (VIa, VIb and VIc) 
and VII (VIIa and VIIb). 

This is the usual pattern, present in 72% of specimens 
examined by Healey and Schroy25 


LEFT HEPATIC DUCT 


Medial and lateral branches converge to form the left 
hepatic duct, which has as average length of 1.7 cm. 
Medial branch drains segment IV (IVa, IVb and IVc) (left 
medial subsegment) and lateral branch drains segment 
II (left lateral superior subsegment)and III (IIIa and IIIb) 
(left lateral inferior subsegment). Segment IV is drained 
by mediosuperior and medioinferior branches. This 
typical pattern was met in 67% of Healey and Schroy's 
specimens.?? 


CAUDATE LOBE 


Thebiliary drainage of the caudate lobe (segment I) enters 
both the right and the left hepatic duct systems in 80% 
of individuals?! In 15% of cases the caudate lobe drains 
only into the left hepatic duct system, and in 5% it drains 
only in the right system. 


ANATOMICAL VARIATIONS IN INTRAHEPATIC 
BILIARY TRACT 

Intrahepatic biliary tract variations can present in 6 
different types (Figures 2.8A to F): 


Type A: Right anterior and right posterior sectorial ducts 
joint to form RHD. 

Type B: The right hepatic duct is absent. The right 
anterior and posterior sectorial ducts join directly to the 
confluence with the left hepatic duct to form the CHD 
Type C: Right anterior sectorial duct opens directly into 
the LHD 

Type D: Right posterior sectorial duct opens directly 
into the LHD 

Type E: The right anterior sectorial duct opens directly 
into the CHD 


Type F: Right posterior sectorial duct opens directly into 
the CHD 


CONFLUENCE PATTERNS OF THE RIGHT 
INTRAHEPATIC BILE DUCTS AND ITS 

RELATION TO THE PORTAL VEIN 

Confluence pattern of the right intrahepatic bile ducts can 
be classified into 3 types according to the anatomic 
relation between the right posterior bile duct and the 
portal vein. 


Supraportal pattern 
Theright posterior bile duct runs dorsally and cranially 
to the right or to the right of anterior portal vein to join 
with the right anterior bile duct to form right hepatic 
duct. 

Infraportal pattern 
The right posterior bile duct runs ventrally and caudally 
to the right or the right anterior portal vein to join with 
the right anterior bile duct to form right hepatic duct. 

Combined pattern 
Branch of the right posterior bile duct enters 
supraportally and the other branch of right posterior 
bile duct runs infraportally to join the right anterior bile 
duct to form the right hepatic duct. 
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Figures 2.8A to F: Variations in the biliary anatomy at hilum*? (CHD: 
Common hepatic duct; LHD: Left hepatic duct; RHD: Right hepatic 
duct; RAHD: Right anterior sectorial hepatic duct; RPHD: Right 
posterior sectorial hepatic duct)*? 


VARIOUS PATTERNS OF THE RIGHT INTRAHEPATIC 
BILE DUCTS BASED ON SUPRA- AND INFRA- 
PORTAL PATTERN 


Supraportal pattern 


Type I: Posterior sectorial duct joins the anterior 
sectorial duct to form RHD 


Type II: Posterior sectorial duct drains into the 
confluence of anterior sectorial duct and LHD 


Type III: Posterior sectorial duct enters LHD 
Infraportal pattern 

Type IV: Posterior sectorial duct joins anterior sectorial 

duct infraportally to form RHD. 

Type V: Posterior sectorial duct enters the CHD 


Combined pattern 
Type VI: Some elements of the posterior sectional bile 
duct (P1. Br.) enter anterior sectorial duct infraportally 
and the remaining portion (P2. Br.) join supraportally 
Type VII: P1 Br. joins the CHD infraportally and P2. 
Br. joins LHD supraportally 


CONFLUENCE PATTERNS OF THE LEFT 
INTRAHEPATIC BILE DUCTS 


Type A: Left medial sectional duct (Seg. 4) enters the 
left lateral sectional bile duct to form LHD 
Type B: Segment 4 duct enters the confluence of the 
left lateral anterior (Seg. 3) and posterior (Seg. 2) 
sectorial ducts 
Type C: Segment 4 duct joins seg. 3 duct 
Type D: Segment 3 duct runs caudally to the umbilical 
portion of the left portal vein 

Segment 4 duct unites with segment 3 duct 
Type E: Segment 4 duct enters the confluence of right 
and left hepatic ducts 


55% of the population have conventional anatomy 
where the common hepatic artery, a branch of the celiac 
trunk, supplies the liver through its right and left hepatic 
branches. The information provided by preoperative 
angiography is essential to surgical planning and donor 
safety in LDLT. Variant hepatic arteries that are not 
peripheral hepatic branches of the celiac axis are referred 
to as “aberrant” hepatic arteries. These vessels may be 
“accessory”, occurring in addition to the normal arterial 
supply, or “replaced”, representing the primary arterial 
supply to the hemiliver.+ 


ANATOMICAL VARIATIONS OF THE HEPATIC 
ARTERIAL SUPPLY 


Anatomical variations of the hepatic arterial supply (HA) 


can be classified into six different types as shown in Figure 
2.9. 


Type I: The common hepatic artery arises from the celiac 
axis, after a common section divides into the 
gastroduodenal artery and proper hepatic artery. The 
proper HA runs into the hilum for a variable length and 
then divides into left and right hepatic arteries, which 
supply arterial blood to corresponding hemilivers. Then 
the right HA runs into the right lobe and divides into 
right anterior and right posterior branches. This is the 
most common form of arterial supply to the liver. 
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Figure 2.9: Variations in origin of hepatic artery and its branches (RHA and LHA) (CT: Celiac trunk; CHA: Common hepatic artery; GDA: 
Gastroduodenal artery; LGA: Left gastric artery; PHA: Proper hepatic artery; RHA: Right hepatic artery; A-RHA: Accessory RHA; LHA: 
Left hepatic artery; A-LHA, Accessory LHA; SMA: Superior mesenteric artery)*? 


Type II: The left HA arises directly from the left gastric 
artery; it can be an accessory vessel, when it is present 
in addition to a normal left HA (Type IIa), or a complete 
replacement vessel, when it represents the unique arterial 
supply to the left liver (Type IIb). 


Type III: The right HA arises directly from the superior 
mesenteric artery (SMA), as an accessory artery, when 
present in addition to a normal right HA (Type IIIa), or 
as a complete replacement, when it represents the unique 
arterial supply to the right liver (Type IITb). 


Type IV: Presence of a double accessory (Type IVa) or 
double replacement (Type IVb); the left HA arises from 
the left gastric artery and the right HA arises from the 
SMA. 


Type V: The common HA arises from the SMA. Vascular 
obstruction, defined as reduction or cessation of flow, is 
a major complication of liver transplantation. 


Type VI: Common hepatic artery arising from the aorta 
directly 


Type | 70.8 75.7 57.8 76.0 61.5 
Type II 12.5 9.7 11.5 40 74 
Type Ill — 135 10.6 15.0 83 7.0 10.0 
Type IV 21 23 74 10 20 743 
Type V 10 15 0.9 23 3.0 42 


Others 0.0 0.2 74 6.0 80 100 


In LDLT, when the graft contains multiple hepatic 
arterial branches, there is controversy as to whether all 
of them should be reconstructed.*!? Tanaka et al reported 
that reconstruction of all arterial branches, claiming that 
they are basically end arteries. 

When there are accessory hepatic arteries, they usually 
communicate with the original lobar arteries in the hepatic 
hilum, even though such collaterals are not demonstrated 
on angiograms. Ikegami et al,*! reported that in the 
majority of cases, it is unnecessary to anastomose all the 
hepatic arteries supplying the graft. Advantages of 
reconstruction of a single arterial branch: 

* Technically simple 

* Entire arterial blood supply of the graft passes through 
the single reconstructed artery 

* High flow rate and blood volume in the reconstructed 
artery, and consequently increase in size, and this may 
probably reduce the incidence of arterial thrombosis.*! 

Adequate arterial flow to the smaller non-anastomosed 
arterial branches via hilar communications can be 
confirmed by different methods such as: 


* Examining for pulsatile back-bleeding from the stumps 
of the branches when the smaller branches of hepatic 
artery are cut. 

* During graft perfusion on the back table, if perfusion 
fluid flushed through the largest artery flows out of 
the smaller arterial branches. 

* During the recipient operation, the presence of 
pulsatile back-bleeding from the stump of the other 
graft arteries after reconstruction of the largest artery. 

* Doppler ultrasound detects the pulsatile intrahepatic 
arterial flow in every segment of the graft 
In deceased donor liver transplantation (DDLT), 

accessory donor hepatic arteries are often reconstructed 

by re-implantation at the insertion of the splenic or 
gastroduodenal artery on the back-table. There does not 
appear to be an increase in the complication rate 

(occlusions, stenosis of the hepatic artery) following this 

reconstruction. The success of the reconstructed artery 

depends not only on the quality of the arterial anastomosis 
but also on the inflow in the pre-anastomotic arterial 
segment. It has been reported that in about 12% of adults 
and 50% of children the common hepatic artery is not 
suitable for anastomosis due either to hypersplenism or 
stenosis of the celiac artery (often due to compression of 
the celiac trunk by the median arcade ligament). 
Arterial conduits using donor iliac artery have 
provided an effective and reliable method of 
revascularization in patients at higher risk of arterial 
thrombosis, particularly small children, and those 
undergoing retransplantation for hepatic artery 
thrombosis. Their use is indicated whenever there is: 

* Doubt about the quality of the inflow provided by the 

native hepatic artery due to celiac artery stenosis or 

hypersplenism 

Small, multiple, or anomalous recipient hepatic arteries 

Friable or attenuated native hepatic arteries such as 

during retransplantation 

* Small recipients in whom the recipient artery is < 3 
mm in diameter 

* Formorecomplex procedures including living related, 
reduced, split, or auxiliary liver transplantation. 


ANATOMICAL VARIATIONS IN THE PORTAL VEIN 
Portal vein anatomy was classified according to 
Nakamura* as shown in the box below 
Anatomical variations of portal vein*445 
(Nakamura et al) 
Type A: The most common type; bifurcation type 
Type B: The trifurcation pattern without the trunk of 
a right branch of the portal vein 


LL dew mme a 


Type C and D: In Types C and D, a right anterior/ 
paramedian sector branch or a right posterior/lateral 
sector branch bifurcates separately from the LPV 


Type C: The right anterior/paramedian sector branch 
originated from the proximal/extra parenchymal part 
of the LPV 


Type D: The right anterior /paramedian sector branch 
originates from a distal /intra parenchymal part of LPV 


Type E: The portal vein branches of segment V and VIII 
originate separately from the LPV. 


(LPV—left portal vein) 


The frequency of PV anomalies from A to E are 91%, 
6%, 2%, 1% and 0% respectively as per the published data 
from Koshi et al, form a series of 261 cases of living donor 
liver transplantation. 


PORTAL VEIN IN A LIVE DONOR 


The left portal vein has a long extrahepatic course of 
several centimeters, making it easier to obtain a longer 
extrahepatic portion of the portal vein in grafts from the 
left side than in right hemiliver grafts. Despite this, the 
portal vein branch attached to the graft is often 
insufficiently long, because the portal vein must be 
divided so as to leave an adequate length for closure 
without encroaching on the donor portal vein of the 
remnant liver. One key to obtaining sufficient length and 
mobility of the graft portal vein is to divide portal 
tributaries to the caudate lobe (Segment I). Generally, 
speaking, portal vein anomalies do not have any impact 
on donor hepatectomy. Some workers have reported that 
portal branches to segment IV originating from the right 
portal trunk are not uncommon, and have insisted that 
care be taken to preserve the viability of segment IV 
during donor hepatectomy.? 

Classification of portal vein variations by Imamura, 
et al% 


Anatomical variations of portal vein (Figure 2.10A) 
Type I: The right anterior branch and posterior branch 
from a short right common neck-most common type. 
Type II: Early division of anterior and posterior sectoral 
branches; trifurcation (Figure 2.10B) 

Type III: Independent posterior sectoral branching 
from the main trunk 

Type IV: Anterior sectoral branching from the umbilical 
portion of the left portal vein and unclassified types. 
Extrahepatic location of the anterior portal branch in 
type III differentiates it from the type IV variant. 
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Figure 2.10A: The common variations in portal vein branching 
pattern. (1) Normal anatomy of PV (Type A). (2) Trifurcation (Type 
B). (3) Right anterior/paramedian portal vein branch opening into 
LPV (Type C and D). (4) Portal vein branches of segment V and 
VIII originate separately from the LPV. (RAPV: Right anterior/ 
paramedian portal vein branch; RPPV: Right posterior/lateral portal 
vein branch; LPV: Left portal vein; MPV: Main portal vein) (Modified 
and redrawn with permission of H Imamura)?’ 


Figure 2.10B: CT angiography image showing 
trifurcation of portal vein 


Modifications required for PV reconstruction in 
LDLT according to anatomical variations:5/5* 


Type I /Type A/ Bifurcation type 
* End-to-end single anastomosis or 
* End-to-end single anastomosis to variceal lateral vein 


Type II /Type B/Trifurcation 

The presence of a trifurcation means that the graft 

portal vein will consist of two branches when a right 

hemiliver graft is taken. There are two solutions: 

* Venoplasty of the graft portal vein on the back table 
so that the anterior and posterior portal branches 
from a single lumen at the site of the anastomosis. 

* Anastomose these branches separately, and grafting 
the posterior branch to the recipient right portal vein 
and the anterior branch to the recipient left portal 
vein. 


Type III 
* End-to-end double anastomosis 
* U-graft interposition anastomosis: When noth the 
branches are short and far apart then a U-shaped vein 
graft interposition technique can be used.” 


ANATOMY OF HEPATIC VEINS 


There are two issues related to the anatomy of hepatic 
veins that need to be considered while performing 
LDLT.5 The anatomy of the junction of the hepatic veins 
with the IVC is an important issue in regard to outflow 
reconstruction of the graft. The intrahepatic drainage 
territory of the individual hepatic veins and tributaries 
is important because attention must be paid to 
maintaining the venous drainage system of both the graft 
and the remnant donor liver during LDLT. 

The liver is drained by a series of dorsal hepatic veins 
(Figure 2.11) also called as upper hilum.” Three major 
right, middle, left and 10 and 50 smaller veins open into 
the IVC.55 The length of three major veins, which drain 
the adjacent segments and subsegments, varies from 0.5 
to 1.5 cm. These veins are found intrahepatically within 
the (intrasegmental) planes separating lobes and 
segments (intersegmental) (Figure 2.12). 


RIGHT HEPATIC VEIN (RHV) 


It is the largest hepatic vein located in the right fissure. 
It drains segment V, VI, VII, and part of VIII. The 
extrahepatic portion of the RHV is anatomically separate 
and readily isolated from the MHV and LHV (Figure 
244).5 


Figure 2.11: Small, multiple hepatic veins 
draining into IVC (short black arrow) 
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Figure 2.12: Relationships between the right, the middle, and the 
left hepatic veins. (IVC: Inferior hepatic vein, RHV: Right hepatic 
Bein, MHV: Middle hepatic vein, LHV: Left hepatic vein, LMHV: Left 
medial hepatic vein, Sup Br: Superficial branch of the left hepatic 
vein) (Redrawn with permission of H Imamura*5) 


MIDDLE HEPATIC VEIN 

Middle hepatic vein (MHV) lies in the median fissure and 
drains part of segments IV, V and VIII” This vein mainly 
serves the left liver, together with the left hepatic vein.”° 


LEFT HEPATIC VEIN 


Left hepatic vein (LHV) lies in the upper part of the left 
fissure and it drains segment II, III and IV. In about 60% 
of individuals, the LHV and MHV unite to form a 
common channel before entering the IVC.*! 
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SUPERFICIAL BRANCH OF RHV (FIGURE 2.13) 

This is a tributary of RHV that drains the superficial area 
of the right lateral sector. The junction of this tributary 
with the RHV is located more distally than the junction 
between the superficial left hepatic vein and the left 
hepatic vein.” The venoplasty technique involving the 
superficial branch is usually not necessary for right 
hemiliver grafts when the right hepatic veins of both 
recipient and donor are anastomosed in an end-to-end 
manner. This tributary flows directly into the IVC in 4- 
6% of individuals?, and when a right hemiliver graft is 
taken from such donors, it is advisable to reconstruct the 
outflow of this tributary separately from that of the RHV 
to avoid partial congestion of the graft. 


LEFT MEDIAL HEPATIC VEIN 


Two different patterns of branching of left medial hepatic 
vein are usually seen (Figure 2.13): 
* A Left medial hepatic vein flows into the left hepatic 
vein 
* B Left medial hepatic vein flows into the middle 
hepatic vein. 
when left-sided grafts are used, venous supply to 
segment IV requires attention when the MHV is retained 
in the donor. This situation occurs when extended lateral 
segment grafts are used. In most cases, the hepatic vein 
tributaries draining the left portion of segment IV (left 


Figures 2.13 A and B: Branching pattern of left medial hepatic vein 
opening into the LHV and MHV (Redrawn with permission of H 
Imamura)” 


medial hepatic vein) flow into the LHV close to its junction 
with the MHV. But sometimes flow into the MHV close 
to this junction.» This branch should be included in the 
graft in order to secure an adequate outflow of segment 
IV. When the left medial hepatic vein flows into the MHV, 
venoplasty is usually necessary to create a common trunk 
as the drainage vein of the graft.5? 

Mehran et al? emphasized the value of the anatomy 
of minor hepatic veins. They proposed a four-part 
classification into veins of segments I (caudate lobe and 
caudate process), VI, VII, and IX. The area that they 
allotted to discredited segment IX describes the territory 
situated immediately anterior to the retrohepatic IVC. 


MRHV AND IRHV 


In 20-25% of the cases, one or two short hepatic veins 
are large enough to serve as major draining veins of 
segment VI and/or VII. These veins are called the 
middle right hepatic vein (MRHV) and inferior right 
hepatic vein (IRHV or Makuuchi vein (Figure 2.14).> It 
is always advisable to preserve the outflow from these 
veins, if they are significant size, by directly anastomosing 
them to the IVC in the recipient? 

If the preoperative CT and USG examination of the 
donor shows that the RHV is relatively small and short, 
then the MRHV, IRHV, or the branches from MHV 
become the major venous drainage of the right hemiliver. 
It is essential to preserve the outflow through these 
branches during graft implantation.*” So precise 
preoperative radiological evaluation of the venous 
drainage pattern in each donor is essential part of LDLT. 

Variations in the intrahepatic anatomy of outflow veins 
such as IRHV, veins draining segment 5 and 8 (V5 and 


Figure 2.14: LDLT, Right lobe mobilization showing RHV covered 
by IVC ligament (long black arrow) and Inferior right hepatic vein/ 
Makuuchi vein (IRHV) (short black arrow) IVC shown by white arrow 


V8) are shown in Figure 2.15. Understanding of this 
anatomy is important in right lobe LDLT. 

During mobilization of liver, freeing the liver from the 
retrohepatic IVC is completed by dividing the short 
hepatic veins and the IVC ligament, also called the 
“Makuuchi ligament”. The RHV can be easily isolated 
extrahepatically, whereas, division of the LHV during 
left lateral segmentectomy is performed at the end of the 
liver parenchymal dissection by resecting the side wall 
of the common trunk and the MHV. During an extended 
right hemiliver graft using both RHV and MHVs, requires 
division of the MHV by dissecting the side wall of the 
common trunk after the parenchymal dissection. CUSA 
can be a useful tool in dissecting around the trunk, 
because it dissects parenchyma of uniform thickness, 
making it easier to expose the common trunk. 


INFERIOR PHRENIC VEINS 


Both the right and left inferior phrenic veins flow into 
the RHV and the common trunk of LHV and MHV at 
their most cranial points, respectively. The division of 
these veins and subsequent dissection of the more 
proximal connective tissue becomes an important 
procedure during complete exposure of RHV or common 
trunk and facilitating extensive clamping of these veins 
for harvesting." This procedure becomes particularly 
important for left-sided grafts, because the extrahepatic 
portion of the hepatic vein is shorter than in right 
hemiliver grafts. 


LYMPHATICS 


The hepatic lymphatic network, superficial and deep, 
does not follow the functional vasculobiliary organization. 
The superficial lymphatic system, located within the 
Glissonian sheath, travels toward the thorax and the 
abdominal regional lymph nodes. Lymph vessels pass 
the diaphragm mainly in the bare area or through 
Morgagni's foramen to reach anterior or lateral phrenic 
nodes. These trunks join the internal thoracic artery lymph 
pathway as well as anterior and posterior mediastinal 
lymphatics.!* 
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Figures 2.15A to H: Variations in the hepatic veins and their 
branches (IRHV, V5 and V8) (IVC: Inferior vena cava, LHV: Left 
hepatic vein, MHV: Middle hepatic vein, RHV: Right hepatic vein, 
IRHV: Inferior right hepatic vein) (Modified and Redrawn)*? 
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The posterior surface of the liver is drained toward 
the paracardial nodes (left lateral segment) or celiac nodes 
(right lobe). Most of the superficial stream, however, 
escapes the liver through hilar nodes to follow the proper 
hepatic artery and follows the classic path toward aortic 
nodes. The deep system is the system of greater lymphatic 
outflow. It drains toward the lateral phrenic nerve nodes 
through the caval hiatus following hepatic veins or to 
nodes of the liver hilum following portal vein branches.^* 


LYMPHATIC DRAINAGE OF BILE DUCT 


The lymphatic drainage of bile duct is distributed into 

two pathways: 

* One superiorly with lymph nodes along the cystic duct, 
hepatic artery, and celiac axis 

* One inferiorly with lymph nodes along the cystic duct, 
the anterolateral aspect of the portal vein, the posterior 
pancreas, and between the aorta and vena cava.” 


LIVER TRANSPLANTATION IN SITUS INVERSUS (SI) 


Raynor et al reported the first OLT in SI in 1988.* The 
incidence is estimated to be between 0.0025% and 
0.025%.60 

Situs inversus is a rare congenital anomaly, 
characterized by a mirror image orientation of the 
abdominal and thoracic viscera relative to the midline. 
Abdominal SI is usually associated with different 
disorders such as polysplenia syndrome, absence of the 
suprarenal inferior vena cava, midgut malrotation, 
preduodenal portal vein, aberrant hepatic arterial 
anatomy, and portal vein hypoplasia.®!*? LTX in SI is 
technically difficult due to its anatomic variations, 
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especially vascular anomalies. The donor liver may be 

placed orthotopically or a rotation of 45° to 90° is 

acceptable.”! 

There are other ways to place the graft: 

* Split and reduced graft to fit in the abdomen®!3 

* Placement upside down, which may cause acute 
kinking of the vessels? 

* Assisted liver transplantation in the right abdominal 
cavity 

The technique of rotation of the graft in patients with 
SI has several advantages:7! 

* Stomach is not compromised by the donor right lobe 

* There is no need for a cut down of the donor liver, 
which is associated with risks 

* There is no risk of kinking of the venous outflow, of 
blood clot formation, or of embolisation 

* Hepatic hilum is aligned, which renders it easy to 
anastomose the portal vein, hepatic artery, and bile 
duct 

* End-to-side anastomosis of the IVC can be performed 
to reduce the risk of graft congestion. 

Provide effective graft support and reduce the risk of 
outflow obstruction, the following steps should be taken 
into consideration: 

* Plication of the diaphragm combined with 
mobilization of the colon 

* Fixation of the donor remnant falciform ligament to 
the recipient's diaphragmatic surface 

* An innovative and simple technique, a Sengstaken- 

Blakemore tube. 

lf size discrepancy is a problem following 
implantation, the abdomen should be closed in stages 
with polypropylene mesh to cover any deficit. 


inversus (Adults)® 


Ive Hepatic artery Bile duct Year 
Barone Orthotopic piggy-back hepatic artery end-to-end duct-to-duct 1992 
Klintmalm 90° rotation end-to-side hepatic artery end-to-end duct-to-duct 1993 
Watson Orthotopic piggy-back celiac patch to hepatic bifurcation duct-to-duct 1995 
Heimbach LOLT end-to-end hepatic artery end-to-end Roux-Y 2005 
Tucker Orthotopic piggy-back hepatic artery end-to-end duct-to-duct 2006 
Wente Orthotopic piggy-back hepatic to gastroduodenal artery duct-to-duct 2006 
Tang 45° rotation end-to-side celiac patch to hepatic bifurcation duct-to-duct 2008 
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INTRODUCTION 


In 1983 the National Institute of Health (NIH), consensus 
development conference concluded that liver 
transplantation was not an experimental procedure but 
an effective therapy that deserved broader application.! 
In 1986-UNOS receives the initial federal contract to 
operate the OPTN (organ procurement and transplanta- 
tion network). Before implementation of the current 
allocation system, the waiting time for a liver transplant 
grew constantly from an average of 225 days in 1994 to 
1811 days in 1999. Adding patients early on to the 
transplant list based on the necessity to accrue waiting 
time, rather than on medical urgency, was one of the main 
reasons behind the continuous growth of the waiting lists. 
The new system drastically de-emphasizes the 
importance of waiting time and imposes minimal criteria 
for transplantation, leading to a significant reduction in 
overall waiting time. 


PROPOSED PROGNOSTIC MODELS FOR 
ESTIMATING PROGNOSIS IN LIVER DISEASE 
NON-DISEASE-SPECIFIC CRITERIA 

The Child-Turcotte-Pugh Classification 

In 1964, a classification depending on the severity of 
"hepatic functional reserve" was proposed to predict 
survival among cirrhotic patients undergoing porto- 
systemic shunts.? It had 3 groups such as class A (low 
risk), class B (intermediate risk) and class C (high risk) 
basing on ascites, encephalopathy, albumin, bilirubin, and 
nutritional status. Pugh et al in 1973? modified this 
classification. He included prothrombin time for nutrition 
and a scoring system was added to it, ranging from 1 
to 3 for each variable. So Child-Turcotte-Pugh (CTP) 
classes A, B, and C were calculated by totaling the sum 


of individual scores. CTP score became the preferred 
method for estimating the severity risk in cirrhotic 
patients. CTP Scoring system is a useful guide for 
separating patients into broad categories depending on 
the severity of hepatic decompensation”? (Table 3.1). 


TABLE Child-Turcotte-Pugh scor 


Encephalopathy None 1and2 3and4 
Ascites Absent Moderate Large 

or minimal — or controlled 

by diuretics 

Bilirubin (mg/dL) 1-2 2-3 >3 
Albumin (g/dL) > 3.5 2.8-3.5 <28 
INR <17 1.7-2.3 >23 
Modification of bilirubin levels in patients with PBC or PSC: 
Bilirubin 1-4 4-10 > 10 
Total Score: 
Child A. 1-6 B. 7-9 C. 10-15 


INR: International normalized ratio 


However, when UNOS adopted a system of minimal 
criteria for entry to the waiting list and stratification of 
urgency of patients on the list based on CTP, it became 
necessary to apply CTP scores with attention to small 
differences.* This led to a pressure within transplant 
centers to inflate the significance of the components of 
the CTP in individual candidates for transplantation, and 
it eventually led to the call from the DHHS for priority 
rankings through objective and measurable medical 
criteria discussed earlier. 


Drawbacks of CTP scoring system:?? 

* This scoring system is restricted to patients with 
advanced cirrhosis and portal hypertension and it can't 
be applied to other groups of diseases requiring 
transplantation, such as HCC, FHF etc. 
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* Ceiling effect: Patient with 3.0 mg/dL of bilirubin and 
others with 15 mg/dL or more is categorized within 
the same degree of severity. Similarly it happens with 
albumin levels, and INR level <2.8 and >2.3 
Because the CTP classification provides 3 strata only, 

waiting time became a second criterion to distinguish two 
potential candidates with the same CTP class. Asa result, 
waiting time, and therefore getting onto the waiting list 
early look on an inordinate significance. Therefore, it 
became important to define minimal criteria for entry on 
the list. 


Non disease specific minimal criteria*? 

* Immediate requirement for liver transplantation 

* Child-Pugh score >7 (B or C) 

* Estimated 1 year survival <90% 

* Portal hypertensive bleeding or a single episode of 
spontaneous bacterial peritonitis irrespective of CTP 
scores. 


Drawbacks of minimal criteria® 
* It is more liberal 
* Increase in number of waiting list patients as more 
stable cirrhotic patients were added to the waiting list 
* Increase in mortality of waiting list 
Hence UNOS Liver and Intestinal Committee 
continued its search for a new simplified and effective 
allocation scheme. 


Evolution of MELD Scoring System 
MELD: Model for end-stage liver disease 


In 1999, a Liver Disease Severity Score (LDSS) Committee 
was formed within the Organ Procurement and Trans- 
plantation Network (OPTN), an institution administered 
by the United Network for Organ Sharing (UNOS). This 
committee was assigned the task to define a model that 
would accurately predict mortality on the waiting list. 
The DHHS (Department of Health and Human Services) 
(USA) reaffirmed that urgency should take priority over 
usefulness (the so-called “sickest first” policy), and it 
requested from UNOS policies governing allocation of 
donor livers that set “priority rankings through objective 
and measurable medical criteria for patients or categories 
of patients who are medically suitable transplant 
candidates.” In response, UNOS has adopted a new 
allocation scheme, in which the majority of donor livers 
are allocated using a recently devised prognostic 
instrument called MELD (model for end-stage liver 
disease) for adults with cirrhosis. MELD scoring system 
was introduced in 1999 (Malinchoc et al) to quantify the 
3-month prognosis of cirrhotic patients after a 
transjugular intrahepatic portosystemic shunt (TIPS). 


Because of the imbalance between organ donors and 
patients on the waiting list, the MELD was adopted by 
the United States in 27th February 2002 to allocate liver 
grafts for transplantation. Preliminary results have 
indicated a reduction in waiting list deaths and an increase 
in transplantation rates for candidates. The MELD score 
is currently considered to be the most accurate predictor 
of 90-day mortality risk for patients on the liver transplant 
waiting list. Before being validated and introduced in 
practice, the score was found to accurately predict 
mortality in several cohorts of patients with various 
disease etiologies.?>77 


The initial MELD included the four clinical parameters 
* Serum creatinine 

* Bilirubin 

* International normalized ratio (INR) 

* Underlying diagnosis. 

Due to public criticism, UNOS chose to omit diagnosis 
as a parameter in the MELD formula. UNOS proposed 
a modified version of the same model that could be 
applied as a prognostic indicator to allocate donor 
allografts to cirrhotic adults. At the same time, a complex 
system of provisions for exceptions was made. The main 
exception concerns patients with hepatocellular 
carcinoma. 


MELD Equation 


[0.957 x Log. (Creatinine mg/dL)] + [0.378 x Log. 
(Bilirubin mg/dL)] + [ 1.120 x Loge (INR)] 40.643 


MELD scoring system is a good predictor of short and 
medium-term survival before liver transplantation and 
could be used to rank the urgency of patients waiting 
for transplantation. Advantages of MELD score is neither 
the complications of portal hypertension nor the etiology 
of liver disease influenced the accuracy of the MELD 
model? Ferraz et al reported that MELD score at the time 
of admission to the waiting list was higher among those 
patients who died either while awaiting transplantation 
or after OLT compared with those who survived after 
OLT or those who are still awaiting OLT.” 


MELD Score in HCC Patients 


Patients who have HCC are assigned a higher MELD 
score based on tumor staging. Patients who had a T1 
lesion initially were registered ata MELD score equivalent 
to a 15% 3-month mortality risk before transplantation 
(i.e., a score of 24), which was revised in April 2003 to 
an 8% mortality risk, a score of 20. Patients who had a 


T2 lesion initially were listed at a MELD score of 29, which 
was equivalent to 30% 3-month mortality, later revised 
to a score of 24, or a 15% mortality risk. Patients who 
have HCC receive a 10% mortality bonus every 3 months 
while continuing on the waiting list until they are 
transplanted, die, or become no longer suitable for 
transplantation.” Later, in November 2003, priority for 
patients who have a T1 lesion was eliminated. The 
Regional Review Boards of UNOS handle any special 
cases not addressed by the MELD system, such as 
hepatopulmonary syndrome or familial amyloidosis. An 
individual patient's MELD score is updated regularly. 
The first year after implementation of MELD there were 
fewer registrations for transplantation and improved 
transplantation rates without increased mortality.” 


PELD Scoring System 
PELD: Pediatric end stage liver disease 


PELD equation is the best model for severity of liver 
disease in pediatric patients and comprises of serum 
albumin level, total serum bilirubin level, INR and growth 
failure. It includes corrections for growth failure (if growth 
is « 2 SD than age equivalent growth parameters) and 
for age less than 1 year. Albumin, as marker of hepatic 
malfunction, has replaced creatinine from the adult 
equivalent. 


PELD Equation 

[0.436 (Age «1 year)] - [0.687 x Loge (albumin g/dL)] 
*[0.480 x Loge (total bilirubin mg/dL)]+[1.857 x Loge 
(INR)] + [0.667 (Growth failure) (« 2 Std. Deviations 
present)]. 


DISEASE-SPECIFIC CRITERIA 


Mayo clinic models in primary biliary cirrhosis and 
primary sclerosing cholangitis. 


Primary Biliary Cirrhosis (PBC) 


It is characterized by the progressive destruction of 
interlobular and septal bile ducts leading insidiously to 
cholestasis, inflammation, fibrosis, and cirrhosis. 

In contrast to other parenchymal liver diseases, where 
progression is rapid and with significant variation over 
the years, PBC has a more gradual and consistent pattern 
of progression. Interval from the first sign of disease until 
hepatic failure may be as long as 20 years,’ and many 
patients may remain asymptomatic for several years.5? 
Ursodeoxycholic acid (UDCA) is an effective treatment 
for PBC, has recently changed the survival rates of PBC. 


* It lowers serum bilirubin, alkaline phosphatase, and 
aminotransferase despite markers of synthetic function 
may not change significantly." 

* It prolongs survival? and delays the need for liver 
transplantation. 

In Mayo clinic, Dickson et al!> developed a survival 
models for PBC, called Mayo clinic model. This model 
however, had been the most extensively applied and 
validated, not least because it does not require a biopsy, 
and therefore can be applied easily.1 It describes 5 
independent prognostic variables: age, serum bilirubin, 
serum albumin, prothrombin time, and severity of edema. 


Mayo Clinic Model for PBC 


R = [0.871 log, (Bilirubin mg/dL) + 2.38 log. (Albumin 
g/dL) +0.0039 age in years +2.38 log, (Prothrombin time 
in seconds) «0.895 Edema] 

2 studies confirmed that the predictive ability of Mayo 
clinic model score in PBC is not affected either at entry 
or at 6 months by the UDCA.!517 


Drawbacks of Mayo Clinic Model for PBC 

* This model was developed basing on clinical data 
available at the time of referral and can’t be used with 
certainty on multiple future occasions. 

¢ Serum albumin and prothrombin time can have 
substantial variability between different centers and 
different methods used.!5 


* Age factor included in the model tends to overestimate 
disease mortality for older patients in a stable 
condition. 


Primary Sclerosing Cholangitis (PSC) 


It is a chronic progressive cholestatic disease of unknown 
etiology characterized by chronic inflammatory and 
fibrotic changes of the intra-and extrahepatic bile ducts.? 
Severe form of this disease causes bile duct obliteration, 
portal and periportal fibrosis, biliary cirrhosis, and hepatic 
failure.???! Course is unpredictable and is frequently 
aggravated by dominant recurrent cholangitis, biliary 
tract strictures,?? and cholangiocarcinoma.? D- 
penicillamine for treatment of PSC, a drug that was found 
to have no effects on the natural history of the disease.?* 
Wiesner et al reported that 5 variables are associated with 
disease progression from which a risk score could be 
calculated and translated into a survival curve. The 
variables are age, serum bilirubin, albumin, alanine 
aminotransferase (AST), and a history of variceal 
bleeding.?* 


~ UNOS, Organ Allocation Policy and MELD Score = 


Mayo Clinic Model for PBC 

R= [(0.535 x loge Bilirubin mg/dL) + (0.486 x histological 
stage) + (0.041 x age in years) + (0.705 x presence of 
splenomegaly)] 


ORGAN ALLOCATION SYSTEM IN USA 
AND LIVER TRANSPLANTATION 


Different terms and definitions related to liver transplants 


ORGAN ALLOCATION POLICY 

It is the policy of prioritization of patients on the 
transplant waiting list. Donor organ allocation requires 
estimation of prognosis of potential recipients. 


UNOS (UNITED NETWORK FOR ORGAN SHARING) 


Organ Procurement and Transplant Network (OPTN) 


The solid organ identification, retrieval, and distribution 
network. It is managed under contract by UNOS. 


Organ Procurement Organization (OPO) 

The local organizations that identify solid organ donors, 
and manage organ retrieval and distribution within the 
locality. There is no fixed size for an OPO, and they vary 
in geographic territory, number of potential donor livers 
available and number of transplant centers serviced. 


DISTRIBUTION OF TRANSPLANT CENTERS IN USA 


Prioritization of liver transplant centers in relation to the 
location of the cadaveric donor. It is usually characterized 
as a debate whether donor organs should be allocated 
to transplant centers in the locality or region from which 
they were derived. 


Minimal Listing Criteria* 


Predetermined thresholds of estimated severity of 
disease necessary to be placed on the transplant waiting 
list. Minimal criteria require some standardized 
prognostic estimation of patients when evaluated, similar 
to the allocation scheme. 


Urgency 


Risk that a candidate for transplantation will die if not 
transplanted. 


Utility 


Chances that a candidate will 
transplantation. 


survive after 


UNOS AND ITS TERRITORY 

UNOS: It is a private, nonprofit organization that was 
contracted by the US Government to regulate and manage 
solid organ identification, retrieval, distribution, data 
management and organ allocation system in the USA. 
The territory of the United States is divided into 11 UNOS 
regions. Within each region, there are several organ 
procurement agencies (OPO). Each OPO serves several 
transplant centers within their territory. The OPO 
centralizes the patients from the waiting lists of all centers 
within its territory and grants them priority by MELD 
score, so that available organs will first be allocated to 
the patients in descending order of MELD score within 
each specific OPO. Organ prioritization is denominated 
as “local” (within the OPO), “regional” (within a UNOS 
region), and “national.” 


Functioning of UNOS 


Ateach level of distribution, adult livers (i.e., greater than 
or equal to 18 years old) will be considered for 
transplantation depending on the degree of medical 
urgency and adult candidate status. 


Degree of Medical Urgency 

Each candidate is assigned a status code or mortality risk 
score (probability of candidate death) which corresponds 
to how medically urgent it is that the candidate receives 
a transplant. 


Adult Candidate Status 


Medical urgency is assigned to an adult liver transplant 
candidate (>18 years of age) based on either the criteria 
defined below for Status 1A, or the candidate’s MELD 
Score. 

Patients are prioritized on the waiting list within each 
blood type group by descending MELD score. This 
implies that the organs are basically allocated to the 
waitlisted patients with the highest mortality risk at the 
given time. Within each MELD score, livers are first 
allocated to identical blood type patients. To prevent 
inequitable distribution of organs, blood type O livers 
may only be attributed to blood type O recipients. The 
system allows patients with special situations (like very 
small size adult patients or AB type patients) to be listed 
for more than one blood type and thus be granted a higher 
chance of receiving a transplant. MELD scores have to 
be updated periodically (every 7 days for Status 1 patients 
and patients with MELD higher than 25). The UNOS 
algorithm for liver allocation is shown in the Table 3.2. 


TABLE Adult donor liver allocation policy in USA 


1. Local Status 1 patients ín descending point order 

2. Regional Status 1 patients in descending point order 

3, Local patients with MELD/PELD Scores >15 in descending 
order of mortality risk scores (probability of candidate death) 

4. Regional patients with MELD/PELD Scores >15 in 
descending order of mortality risk scores (probability of 
candidate death) 

5. Local patients with MELD/PELD Scores« 15 in descending 
order of mortality risk scores (probability of candidate death) 

6. Regional patients with MELD/PELD Scores «15 in 
descending order of mortality risk scores (probability of 
candidate death) 

7. National Status 1 patients in descending point order 


(Source: www.unos.org) 


The organ allocation is first directed to local recipients 
(listed at centers within the OPO). Should there be no 
adequate recipient within the OPO; the offer is directed 
regionally and, ultimately, nationally. The impact of this 
policy is that cold ischemia time is reduced by shipping 
theorgans within a limited territory. By reducing the cold 
ischemia time, and thus improving the quality of the 
transplanted organs, and by lowering the logistical and 
transportation expenses, the global costs of the procedure 
are also reduced. Attributing organs to regional patients 
with MELD >15 before local patients with lower MELD 
isa measure that attempts to remove the inequity of sicker 
patients waiting longer, while patients with questionable 
transplant benefit are transplanted. Even so, differences 
and inequalities between regions and between OPOs 
cannot be totally removed. The number, experience, and 
volume of transplant centers within OPOs, as well as the 
experience and efficacy of the OPOs themselves, differ 
within large ranges, resulting in differences of average 
transplantation MELD scores among OPOs and among 
regions. 


Status of the Patient on Waiting List 

All the patients on waiting list are given different status 
depending on the clinical and laboratory reports such as 
1A, 1B, 2A, 2B, 3 and 7. 

Status 7: A candidate listed as Status 7 is temporarily 
inactive. Candidates who are considered to be temporarily 
unsuitable transplant candidates are listed as Status 7. 
Status 1: Adult Status 1 patients may also be allocated 
pediatric livers; however, pediatric Status 1 patients have 
priority. Candidates who are listed as a Status 1A 
automatically revert back to their most recent MELD Score 
after 7 days unless these candidates are relisted as Status 
1A by an attending physician. Adult Status 1 patients are 
those patients who fulfill 1 of the following criteria: 


Status 1 

* FHF with a life expectancy less than 7 days without 
a liver transplant 

* PNF of a transplanted liver within 7 days of 
implantation 

* HAT in a transplanted liver within 7 days of 
implantation 

* Acute decompensated Wilson's disease. 


FHF-Fulminant hepatic failure, PNF-Primary non-function, 
HAT-Hepatic artery thrombosis (Source: www.unos.org) 


Fulminant Hepatic Failure 


Fulminant hepatic failure defined as the onset of hepatic 
encephalopathy within 8 weeks of the first symptoms of 
liver disease. The absence of pre-existing liver disease is 
critical to the diagnosis. One of three criteria below must 
be met to list an adult candidate, who must be in the ICU, 
with fulminant liver failure: (1) ventilator dependence (2) 
requiring dialysis or continuous veno-venous 
hemofiltration (CVVH) or continuous veno-venous 
hemodialysis (CVVH) or (3) INR > 2.0. 


Primary Non-function 
Primary non-function of a transplanted liver within 7 days 
of implantation is defined by (a) or (b): 
(a) AST = 3,000 and one or both of the following: 
* INR=25 
* Acidosis (Arterial pH = 7.30 or venous pH of 7.25 
and/or Lactate = 4 mmol/L) 
(b) Anhepatic candidate 


Hepatic Artery Thrombosis 

Hepatic artery thrombosis in a transplanted liver within 
7 days of implantation, with evidence of severe liver 
injury as mentioned in PNF. Candidates with HAT in a 
transplanted liver within 14 days of implantation not 
meeting the above criteria will be listed at a MELD of 
40. 


HIGH RISK PATIENTS AND ORGAN ALLOCATION 


One of the problems that have been raised is the balance 
between allocating the organs to the sickest patients (with 
the drawback of poorer posttransplantation outcome) 
versus allocating them to patients who would benefit 
most from transplantation by having the best survival 
rates. The interest of a liver transplant candidate is best 
served when the expected survival is higher than that 
without transplantation. It has been shown that among 
patients with MELD scores under 15, the mortality risk 


Status 1A Status recertification Laboratory values 
every 7 days must be no older 

than 48 hours. 
MELD Score > 25 Status recertification Laboratory values 
every 7 days must be no older 

than 48 hours. 


Score >18 to « 24 Status recertification Laboratory values 


every 1 month must be no older 

than 7 days. 
Score > 11 to < 18 Status recertification Laboratory values 
every 3 months must be no older 

than 14 days 
Score > 0 to « 10 Status recertification Laboratory values 
every 12 months must be no older 

than 30 days 


(Source: www.unos.org) 


with transplantation is higher than the mortality risk 

without transplantation.?52? There is, however, a certain 

death rate on the waiting list among these patients: 53 

deaths per 1000 patient years. 

Recent UNOS policies have required a minimal 
transplant score of 15. Exceptions can be granted in 
selected cases (eg, for AB blood type or direct donation). 
Atthe other end of the disease spectrum, there are patients 
who are too sick to withstand liver transplantation. 
Allocating organs to these patients may not benefit them 
and may also be a waste of valuable organ resources. To 
limit this, 2 measures have been implemented. 

* Serum creatinine value has been capped at 4 mg/dL. 
For patients with values above 4 mg/dL, as well as 
those undergoing hemodialysis, this maximal value 
is used in the calculation, and thus, their MELD score 
cannot further be increased. 

* Maximal MELD score>40: Maximal MELD score that 
can be attributed to a patient is 40. Patients with >40 
score, while not receiving any extra priority, can still 
be transplanted if deemed reasonable by the transplant 
center, 


EXCEPTIONS TO MELD SCORE 


Itis recognized that there are categories of patients whose 
MELD scores do not reflect the true urgency of their need 
for transplantation. Several categories of patients qualify 
under current regulations for various degrees of 
upgrading of their MELD scores to values that would 
allow them to undergo transplantation within a 
predictable time frame. Examples of exceptions are 
patients with 

* Hepatocellular carcinoma (HCC) 

* Biliary strictures 

* Recurrent biliary sepsis 


* Refractory upper GI and variceal bleeding requiring 
transfusions and/or emergency intervention. 

* Refractory ascites and/or pleural effusions when TIPS 

is contraindicated 

Hepatopulmonary syndrome 

Metabolic diseases 

Severe polycystic liver disease 

Pulmonary hypertension. 


HCC AND LIVER TRANSPLANTATION 


Prioritization of patients with HCC is one of the most 
debated topics. Under the previous organ allocation 
system, yearly dropout rates due to tumor progression 
were 25 %.™ Still, putting these patients at advantage may 
diminish the chances of otherwise sicker candidates to 
receive an organ in time. Currently, T2 tumors (namely, 
1 nodule 2.0 to 5.0 cm: 2 or 3 nodules, all <3.0 cm as 
defined by the American Liver Tumor Study Group 
Modified Tumor-Node-Metastasis Staging Classification) 
are allocated 24 MELD points. Considering that T1 
patients are at a relatively low risk of being removed from 
the list because of tumor progression, since April 2004, 
T1 patients do not receive extra MELD points.!! Based 
on data reporting good outcomes among patients 
transplanted with tumors larger than 5 cm,?? the review 
boards can accept well-documented lesions beyond T2 
criteria to be granted 24 MELD points. 


HYPONATREMIA AND MELD SCORE 


Several factors have been studied as potential elements 
to improve the estimation of pretransplantation mortality. 
Change in MELD or PELD scores over short periods may 
be associated with higher mortality risk on the waiting 
list.53533 Serum sodium (Na*) seems to be a reliable 
surrogate for ascites. In one single-center study, 
hyponatremia correlated well with the presence of ascites 
and was a predictor of 3-month mortality.” Adding 
serum sodium to MELD may improve the predictive 
value of the score. Ascites, encephalopathy, and variceal 
bleeding do not add significant improvement to the 
statistical performance of MELD. 


RETRANSPLANTATION AND ORGAN ALLOCATION 


Retranslated patients tend to have a poorer outcome than 
patients undergoing a first liver transplantation. Reported 
studies showed that the MELD scores of retransplanted 
patients were higher than those of first-transplant 
patients. Also, in patients with MELD scores higher than 
20, the relative risk of death on the waiting list was higher 
for relisted patients at similar MELD scores.?!^? These 
patients seem to have a greater risk of dying than that 


reflected by the MELD score, and the accuracy of MELD 
asa predictor of waitlist mortality is thus somewhat lower 
in relisted patients. 


TRANSPLANTATION STATISTICS 


MELD score was confirmed as an excellent predictor of 
waitlist mortality, but its relationship with posttrans- 
plantation outcome was less consistent. The 2004 OPTN/ 
SRTR Annual Report showed that slight lower rates of 
patient (at 3-month and 1-yr) and graft survival for 
patients with MELD » 30, while it was fairly equal among 
patients with lower MELD score An overall increased 
rate of DDLT was observed after implementation of the 
new allocation policy; in the context of a better rate of 
usage of cadaveric donors (Table 3.3). The increased rate 
of transplanted livers after 2002 cannot simply be 
attributed to a steadily increasing trend of the 
transplantation rate. Other factors that need to be taken 
into account to explain this growth include the higher 
rate of organ donor referrals and consent to donation. 
These increased by almost 10% and 5%, respectively, from 
2002 to 2003. 


TABLE 3.3: DDLT and LDLT 


2000 4595 24 5919 
2001 4672 16 6586 
2002 4969 63 6618 
2003 5351 77 6814 
2004 5847 9.3 6991 
2005 6120 47 6901 
2006 6362 3.8 6730 
2007 6227 Decrease 6310 


Source: UNOS/OPTN data, 29 Aug. 2008 (reproduced with 
permission) 


FUTURE TRENDS IN ORGAN ALLOCATION 


The ultimate goal of organ allocation would be to allocate 
organs to patients who would have the best posttrans- 
plantation outcome, while at the same time reducing as 
muchas possible the removal rate due to death or severity 
of sickness from the waiting list. MELD alone does not 
serve both these goals, and is especially vulnerable in the 
prediction of posttransplantation outcome. Improving 
this aspect would require adding donor-and center- 
dependent factors to the allocation algorithm, but further 
data are necessary to sustain such a change. Future 
developments may also be directed toward attempting 


to match donor organs and recipients through an 
elaborate information network. Such attempts have 
already been made at the University of Birmingham.” 

MELD score has proved to be effective as a predictor 
of pretransplantation mortality. It is currently the most 
reliable criterion to select waitlisted patients for liver 
transplantation. The applicability of MELD exceptions 
adds versatility and flexibility to the allocation algorithm. 
As time passes, further efforts to monitor the weaknesses 
and the strengths of this promising system must be 
undertaken? 


MELD SCORE AND LDLT 


The waiting-list mortality increases in patients with 
advanced liver disease and patients with an MELD score 
of 25 have 20% 3-month mortality.?! In general, it is 
uncommon to proceed with LDLT in patients with MELD 
scores >25. Thus, depending on the region of the country 
and the average MELD score at the time of transplant 
within the area served by the organ procurement 
organization, LDLT might offer patients transplantation 
before they die waiting for a deceased donor liver. The 
lower MELD score limit with LDLT is more controversial 
and varies from center to center. Russo and Brownt? 
commented that they did not proceed with LDLT in 
candidates with MELD scores «11. 
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INTRODUCTION 


Liver transplantation is a lifesaving procedure for patients 
of end stage liver disease (ESLD).!? The two major goals 
of liver transplantation are to prolong survival and to 
improve quality of life. Starzl performed the first three 
human liver transplantations at the University of 
Colorado in 1963, but did not achieve 1-year survival until 
1967. One year survival rate was only 30% until the late 
1970s and early 1980s when the implementation of 
cyclosporine-based immunosuppression led to doubling 
of the 1-year survival rate.! This improved outcomes in 
early 1980s, led to the decision at a National Institutes 
of Health Consensus Development Conference that liver 
transplantation was no longer experimental and deserved 
broader application in clinical practice.* In USA, current 
1-year patient and graft survival rates are 87.6% and 82.4% 
respectively. 

Tn the current environment of organ shortage, every 
effort should be made to avoid deviation from strict 
criteria for liver transplant evaluation and listing. The 
success of liver transplantation as treatment for most 
types of acute and chronic liver failure has led to increased 
referrals for transplantation in the setting of a relatively 
fixed supply of cadaver donor organs. These events have 
resulted in a marked lengthening of the waiting time for 
liver transplantation, resulting in increased deaths of 
those on the waiting list and sicker patients coming to 
transplantation. In USA, 6444 liver transplantations were 
performed in 2005, of which 6121 were DDLT and 323 
were LDLT. This number of transplantations was 
somewhat greater than in the prior 5 years from 2000 to 
2004, when 4995, 5190, 5331, 5672, and 6169 transplants, 
respectively, were performed ^ In the 6 years, around 2000 
deaths/year in patients listed for liver transplantation. 
The persistent shortage of donor organs is obviously 
insufficient to meet the growing demand for liver 


transplantation, and organ donation has increased only 
slightly in recent years. Faced with this shortage, 
indications should be based as much as possible on 
precise natural history data and expected post- 
transplantation survival rates for specific diseases leading 
to transplantation.? 

Data from the United Network for Organ Sharing 
(UNOS) on 24,900 adult patients undergoing liver 
transplantation from October 1987 to September 1998 
showed that 1-year, 4-year, and 10-year patient survival 
rates were 85%, 76%, and 61%, respectively, confirming 
that liver transplantation results in prolongation of life. 
l-year survival has improved over time from 74.8% in 
1990 to 86.2% in 1996." The best survival has been shown 
to occur among patients who undergo liver 
transplantation for chronic cholestatic liver diseases, 
including PBC and PSC; the worst survival seen in 
patients of hepatic malignancies undergoing trans- 
plantation. 


EVALUATION OF THE RECIPIENT AT THE 
TRANSPLANTATION CENTER (TABLE 4.1) 


A patient referred to transplant center as potential 
candidate for transplantation by the physician, a thorough 
evaluation takes place at the transplantation center. 
Patients considered for transplantation should undergo 
all forms of therapy that might reverse or delay the need 
for transplantation.'? The patients who have a projected 
survival of less than 2 years due to their ESLD should 
be considered for transplantation, as liver transplantation 
has 10 to 15% mortality rate in the 1st year. Evaluation 
includes assessment of the present status of liver disease 
and associated co-morbidity that may influence the 
survival after transplant operation. The evaluation and 
selection process involves thorough assessment by 


TABLE 


Pre-transplantation evaluat 


n of the recipient 


1. Haemogram, liver chemistry, renal function tests, coagulation 
profile (PT, PTT, INR) 
2. Viral assay 
HBV: HBsAg, HBeAg, Anti HBs Ab, Anti HBc, Anti HBc IgM, 
Anti HBe, HBV DNA, Mutations in HBV 
HCV: HCV RNA, Genotyping 
HAV: Anti HAV IgM and HDV serology 
CMV screening: 
Age > 1 year: IgG and IgM titers 
Age « 1 year: Urine CMV shell viral culture 
EBV screening: IgG and IgM titers 
Varicella zoster: IgG and IgM 
Rubella—igG and Ig M 
Toxoplasma: IgG titer 
Syphilis: Rapid plasma reagin (RPR) test (VDRL) 
Screening for HIV 1 and 2 (HTLV Ill) 
3. Autoimmune diseases: 
Antinuclear antibody, IgG 
Antismooth muscle antibody 
Liver kidney microsomal antibody 
Anti-neutrophil cytoplasmic antibody 
4. Tumor markers: Alpha-fetoprotein 
Carcinoembryonic antigen 
CA-19-9 
5. Hemochromatosis: Serum Ferritin, Transferrin 
Salivary gland biopsy (selected cases) 
Transferrin 
6. Wilson's disease: Serum ceruloplasmin level 
24-hr urinary copper 
. Alfa 1-antitrypsin phenotyping 
. Other standard tests: 
Abdominal ultrasound with Doppler 
ECG, Chest radiograph, 
Pulmonary function tests 
Endoscopic evaluations 
Purified protein derivative skin tests 
9. Standard consultations: Dietary 
Psychosocial 


ou 


10. Female recipient: 
Pap smear and Mammogram (women over 35 years) 
11. CT Scan and MRI scan of abdomen 
12. HCC patients: CT of Brain and Chest and Bone Scan 
13. Other optional tests: 
Angiography (If vascular abnormalities suspected) 
Doppler study (Older or Cardiovascular patients) 
Contrast echocardiography (suspected 
hepatopulmonary syndrome) 
Coronary angiography (suspected 
Coronary artery disease) 
Colonoscopy done in high risk patients such as: 
Family history of colon cancer or polyps 
Primary sclerosing cholangitis 
Fecal occult blood test «ve 
Inflammatory bowel disease 
ERCP (in Primary sclerosing cholangitis) 
Liver biopsy (to rule out fatty liver and NASH-in 
selected cases) 
Fungal serology (Endemic areas for dimorphic fungi) 
14. Pre-transplantation vaccines (if indicated) 
Hepatitis A and B, Tetanus booster, Pneumococcal and 
Influenza vaccine. 


transplant hepatologist and surgeon, consultations with 
other specialty physicians as required, assessment by the 
social worker and often the psychiatrist, and final review 
and decision on candidacy by a multidisciplinary liver 
transplantation selection committee. 


INDICATIONS FOR LIVER TRANSPLANTATION 
(TABLE 4.2) 


Important indications for liver transplantation are shown 
in the Table 4.2.5 Patients who have ALF can recover spon- 
taneously, but those who have subfulminant hepatic 
failure have 100% mortality without transplantation.!^ 
It is recommended that patients who have ALF who fail 
to meet the king's college criteria still be considered for 
liver transplantation, because spontaneous recovery is not 
always possible. Timely referral for liver transplantation 
is the most important factor.!25 


TABLE 4.2: Liver transplantation indications: 


1. Acute liver failure 
* Acute hepatitis HAV, HBV and HEV(less common) 
2. Hepatotoxic Drugs/toxins 
* Acetaminophen 
* Amanita phylloides 
* Halothane 
8. Chronic liver disease with cirrhosis 
Chronic HBV/HCV/HBV+HDV 
Alcoholic liver disease 
Autoimmune hepatitis 
Primary biliary cirrhosis 
Primary sclerosing cholangitis 
Cryptogenic liver disease 
Secondary biliary cirrhosis. 
}. Metabolic disorders 
Wilson's disease 
Alpha-1 antitrypsin deficiency 
Hereditary hemochromatosis 
Glycogen-storage disorders 
Familial Hypercholesterolemia 
Familial amyloidotic polyneuropathy 
Hereditary hemochromatosis 
Primary Hyperoxaluria (type 1) 
Tyrosinemia 
Crigler-Najjar disease type | 
Protoporphyria 
5. Malignancy 
* Primary malignancy 
— Hepatocellular carcinoma 
— Cholangiocarcinoma 
* Secondary malignancy 
— Islet cell tumors 
= Carcinoids 
— Gastrinoma 
6. Vascular 
* Budd-Chiari syndrome 
7. Miscellaneous 
* Polycystic liver disease 
* Trauma 


a 


TRAUMA AS AN INDICATION FOR LIVER 
TRANSPLANTATION 

Liver injury is the main cause of death following major 
blunt abdominal trauma with a mortality rate of 10 to 
5875559 Any injury to the main hepatic veins or 
retrohepatic cava is associated with mortality rates of 50 
to 1005.56 Significant blunt liver trauma is associated 
with other intra-abdominal and/or extra-abdominal 
injuries in 69 to 90% of cases, which may be important 
in determining the outcome.**+*7 Isolated penetrating 
liver injury is becoming more prevalent and is the 
commonest mode of injury.564* Prompt assessment and 
treatment following major blunt or penetrating abdominal 
injury are key to determining the outcome. Few reports 
are available in literature about taruma as an indication 
for liver transplantation. 

Recently Tucker et al5? reported 2 cases of liver trauma 
who underwent successful emergency liver transplanta- 
tion. Approximately 85% of patients with blunt liver 
injury are stable at presentation, and non-operative 
management is associated with reduced transfusion 
requirements, ICU stay, intra-abdominal infections, and 
length of hospital sta: 
LT is indicated only ; 

* Progressive ALF after iens IV-V hepatic trauma 
* Uncontrollable hemorrhage 
* Life-threatening postreperfusion injury. 


CONTRAINDICATIONS TO LIVER 
TRANSPLANTATION (TABLE 4.3) 


Contraindications to liver transplantation include poor 
compliance, lack of an adequate support system, and 
clinical conditions associated with poor post- 
transplantation outcome are shown in the Table 4.3. Some 
contraindications are absolute and others are relative. 
Indications and contraindi-cations vary from one center 
to another. 


TABLE 4.3: 


Brain dead recipient 
Extrahepatic malignancy 

Active uncontrolled infection/sepsis 

Active alcohol or drug abuse 

Severe cardiopulmonary disease 

AIDS 

Noncompliance 

Anatomic abnormalities precluding LTX 
Compensated cirrhosis without any complications 
(Child score 5-6) 

Lack of psychosocial and family support 
Life-threatening systemic disease 


ions to liver trans; 


EXTRAHEPATIC MALIGNANCY 


Liver transplantation is contraindicated due to poor 
survival rate. Exceptions to this are the patients with liver 
metastases from carcinoid tumors and neuroendocrine 
tumors including  gastrinoma,  insulinomas, 
glucagonomas, somatostatinomas.? 


INFECTIONS 


Spontaneous bacterial peritonitis (SBP), sepsis and 
pneumonia are absolute contraindications. SBP should 
be treated at least 48 hrs with documented eradication 
of infection on follow-up paracentesis before trans- 
plantation.12:0 


ACTIVE ALCOHOL OR DRUG ABUSE 


This is an absolute contraindication to liver 
transplantation. Patients with a history of alcohol and/ 
or drug abuse must complete a period of at least 6 months 
of abstinence and rehabilitation successfully and provide 
proof of compliance, as outlined by the local liver 
transplantation selection committee before undergoing 
transplantation.!-? Some patients can improve their liver 
function by abstinence to such an extent that liver 
transplantation can be deferred or avoided. 20-26% 
patients return to alcohol use in 4-5 years after 
transplantation.? Guidelines for tobacco use are 
individualized and program specific. 


CARDIOVASCULAR DISEASE (TABLE 4.4) 


Liver transplantation surgery may be complicated by 
coronary artery disease like myocardial infarction and 
have an overall mortality rate of 5095.1415 Dobutamine 
stress echocardiogram is the ideal screening test. 
Coronary angiography is done selectively for diabetics, 
chronic smokers, and patients with a positive stress 
test. 917 Patients who have coronary artery disease can 


Advanced age(»70 years) 
Cholangiocarcinoma 

HIV infection 

PV thrombosis, Grade IV 

Psychologic instability 

Renal failure 

Pulmonary hypertension 

(Mean PA pr.»35 mm of Hg) 

Severe hypoxemia secondary to Rt. to Lt. 
intrapulmonary shunts (PO? < 50 mm Hg) 
Uncontrolled psychiatric disorder 


TABLE 4.4: Absolute cardiovascular contraindications 


Coronary artery disease 

Severe ventricular dysfunction 

Severe cardiomyopathy 

Severe pulmonary arterial hypertension 

Severe valvular heart disease 

Aortic stenosis with significant pressure gradient and poor 
ventricular function 


be listed for liver transplantation after revascularization 
with angioplasty or bypass surgery.1617 


PULMONARY CONDITIONS (TABLE 4.5) 

Pulmonary Tuberculosis 

Recipients with active tuberculosis should start therapy 
before transplantation and must continue treatment for 
at least 1 year after transplantation.!° Patients who have 
a positive purified protein derivative (PPD) test during 
pretransplantation evaluation should undergo 
prophylaxis with isoniazid and pyridoxine or ofloxacin 
for 6 months. 


Portopulmonary Hypertension 

Portopulmonary hypertension with ESLD should 
undergo risk stratification to assess their candidacy for 
liver transplantation.!5 They are evaluated by right-sided 
cardiac catheterization." 


Pulmonary Hypertension 

Severe pulmonary hypertension is defined as mean 
pulmonary artery pressure (PAP) of 50 mm Hg or above, 
is an absolute contraindication for liver transplantation 
and is associated with 100% risk of surgical mortality. 
Moderate pulmonary hypertension is defined as a mean 
PAP between 35 and 50 mm Hg, have a 50% risk of 
mortality after transplantation. Mild pulmonary 
hypertension is defined as mean PAP of less than 35 mm 
Hg, remain suitable candidates for liver transplantation. 


Hepatopulmonary Syndrome 


Hepatopulmonary syndrome occurs in the setting of 
portal hypertension and leads to intrapulmonary vascular 
dilatation (with right-to-left shunting) and arterial 


TABLE Absolute pulmonary contraindicati 


Severe pulmonary hypertension 
Oxygen-dependent COPD 
Advanced pulmonary fibrosis 


(COPD—Chronic obstructive pulmonary disease) 


hypoxemia.? The severity of pretransplantation 
hypoxemia determines the post-transplantation mortality 
rate?! The mortality rate increases from less than 5 to 
30% if the pretransplantation PaO» is lower than 50 mm 
Hg! The poor prognostic indicators for post- 
transplantation outcome include refractory hypoxemia 
with multiorgan shock, intracerebral hemorrhage, sepsis, 
and portal vein thrombosis. 


ANATOMIC ABNORMALITIES 


Portal vein thrombosis is a relative contraindication and 
a poor prognostic indicator for postoperative graft 
dysfunction. Grade IV portal vein thrombosis has a 
significant lower survival rate after transplantation. 
Imaging studies during the pretransplantation evaluation 
should document portal vein patency. Patients who have 
portal vein thrombosis can be considered for thrombec- 
tomy or jump grafts. 


PREVIOUS ABDOMINAL SURGERY 


Abdominal adhesions due to previous surgery can lead 
to prolonged surgery, increased blood loss, and higher 
risk of complications. With careful surgical approach and 
planning, comparable results can be achieved to those 
previously unoperated patients.?* 


HIV INFECTION 


Introduction of highly active antiretroviral therapy 
(HAART) has changed the natural course and history of 
HIV infection from a fatal disease to a chronic disease. 
As a result, patients who have HIV are living longer and 
are usually dying of other co-morbidities like chronic 
hepatitis C and cirrhosis. Earlier reports in HIV positive 
patients with liver transplantation have shown an 
increased risk of progression to AIDS was due to the 
immunosuppression after transplantation. Thus, the 
majority of liver transplant centers in the United States 
still consider HIV infection a contraindication for liver 
transplantation. Recent outcome after liver 
transplantation in HIV positive patients has improved 
significantly due to the efficacy of HAART in controlling 
the virus and survival rates are comparable to that of 
patients who do not have HIV and who have the same 
indications for liver transplantation." Evaluation of such 
patients requires a collaborative approach by the liver 
transplantation and infectious disease teams. 


PSYCHOSOCIAL SUPPORT 


Patients undergoing evaluation for liver transplantation 
must demonstrate the existence of an adequate support 


system. Lack of adequate support can lead to 
disqualification or deferral. Patients must undergo 
comprehensive psychosocial evaluation as part of the 
evaluation. Patients who have psychiatric disorders also 
are required to undergo psychiatric evaluation 


AGE 


Reported 1-year and 5-year post-transplantation survival 
rates of patients over the age of 65 years is less than in 
a younger group of patients." Elderly patients must 
undergo extensive diagnostic tests to rule out comorbid 
conditions. Increased age has been demonstrated to be 
an independent risk factor for mortality after liver 
transplantation.® Malignancy is a major cause of late 
mortality in the elderly and in young patients, infection 
is a major cause of post-transplantation mortality. 


CHOLANGIOCARCINOMA 


In the absence of primary sclerosing cholangitis, curative 
surgical resection has a 5-year survival rate of 2 to 43%% 
Patients who have unresectable cholangiocarcinoma or 
pre-existing primary sclerosing cholangitis should be 
considered for liver transplantation. Comprehensive 
staging is required before liver transplantation, including 
CT scan of abdomen and chest, bone scan, and exploratory 
laparotomy to rule out metastases. Early cholangiocarci- 
noma (stage I and II) can be considered for transplantation 
with protocols using adjuvant chemotherapy and 
radiotherapy and advanced cholangiocarcinoma is an 
absolute contraindication for liver transplantation.” Stage 
of cholangiocarcinoma determines the outcome after 
transplantation. Post-transplantation 5-yr. survival rate 
is 70% in patients with stage I and II tumors and 30% 
in advanced cholangiocarcinoma.?? 


OBESITY 


Obesity is on the rise in the USA and other developed 
countries. It is associated with increased peri- and post- 
transplantation morbidity and mortality due to its 
association with coronary artery disease, diabetes 
mellitus, hyperlipidemia, and restrictive pulmonary 
disease.*° 5-year mortality rate after transplantation is 
significantly higher due to cardiovascular complications 
in morbidly obese patients (BMI > 40 kg/m?) than for 
non-obese patients (BMI < 25 kg /m?).?! Patients who have 
a BMI of 30 to 35 kg/m2 have survival rates comparable 
to that of non-obese patients. Hence it is recommended 
that patients who have BMI > 35 kg/m? be considered 
for liver transplantation on case-to-case basis. 
Transplantation is deferred based on center-specific 
policies. Morbidly obese patients who are deferred need 


to work with dietician with individualized recommenda- 
tions and goals to achieve desired weight loss. 


RENAL FAILURE 


In cirrhotic patients, sodium retention with impaired 
water excretion, decreased renal perfusion and GFR are 
common renal abnormalities.*? Pre-existing renal 
insufficiency reduces the survival rates and a higher 
likelihood of needing dialysis after transplantation. 


Hepatorenal Syndrome 
It is a late complication of cirrhosis with ascites. It is 
characterized by the following criteria (Table 4.6): 


TABLE 4.6: Hi ndrome? 


Presence of liver failure 

Serum creatinine level > 1.5 mg/dL 

GFR « 40 mL/min 

Proteinurea «500 mg/dL 

Normal renal ultrasound 

No improvement after saline challenge or diuretics 
Absence of other causes of renal failure 


Patients who have intrinsic renal disease may need 
evaluation for combined liver-kidney transplantation. 
National Institute of Diabetes and Digestive and Kidney 
Diseases Liver Transplantation Database has indicated 
that renal insufficiency in ALF, in patients receiving 
dialysis or after combined liver and kidney 
transplantation, results in reduced patient and graft 
survival rates, prolonged ICU admission, and higher 
Costs. 


PREVIOUS NONHEPATIC MALIGNANCY 


Itisnotan absolute contraindication for transplantation. 
A mandatory tumor free period of 2 to 5 years after 
curative cancer treatment is required before liver 
transplantation. At least 5 years of tumor free survival 
period is required for patients who have malignancies 
such as malignant melanomas and breast and colon 
carcinomas.*? 


RETRANSPLANTATION 


Diseases which are likely to recur after transplantatioi 
* Hepatitis B and C 

Hepatocellular carcinoma 

Cholestatic liver disease 

Autoimmune hepatitis 

Nonalcoholic steatohepatitis (NASH) 

Alcoholic liver disease 


Recurrent disease, especially in chronic hepatitis C, 
may cause late morbidity and mortality and raise the need 
for retransplantation.*? Recurrent HCV infection is an 
independent predictor of poor outcome after 
transplantation.?/35 The survival rate is less than 50% at 
12 months in patients undergoing retransplantation for 
recurrent HCV infection. Progressive hyperbilirubinemia 
and renal failure are independent predictors of poor 
outcome after retransplantation in the setting of recurrent 
HCV infection.* 
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INTRODUCTION 


Goals of successful liver transplantation assessment 
include establishing a relationship of trust between 
patients and the transplant team, including under- 
standing the difficulties of transplant operations, realistic 
expectations from the procedure, and the overall outcome. 
Inthis respect, the transplant surgeon, hepatologist, nurse 
coordinator and social worker can play a pivotal role in 
explaining the system of organ allocation, quality of the 
donor organs, type of transplant (DDLT, LDLT, Split 
liver), surgical procedure, potential complications, 
immuno-suppressive medications and their adverse 
effects, short and long-term outcomes. 


THE TEAM 


A liver transplant team constitutes the followings 
* Hepatologist/Transplant Physician 

* Transplant surgeon 

* Anesthesiologist trained in liver transplantation 
* Radiologist trained in liver transplantation related 
radiology 

Nurse coordinator /Transplant coordinator 
Social worker 

Financial coordinator 

Pharmacist 

Nutritionist 


HEPATOLOGIST/TRANSPLANT PHYSICIAN 


The role of hepatologist is important. He is the first 
physician who sees the patient. The hepatologist decides 
which patients are appropriate candidates for liver 
transplant and will initiate the evaluation and refer to 
transplant surgeon for work up and is involved with the 
patient after transplantation and to advise the medical 
aspects of early and late transplant related complications. 


SURGEON 


He is the key person who is continuously involved from 
the time the patient comes to the transplant OPD work 
up and long as the patient survives after transplantation. 
He performs the surgery and monitors postoperative liver 
function, rejection, surgical complications and medication 
in collaboration with transplant physician. After 
discharge the recipient is on regular life-long follow-up. 


ANESTHESIOLOGIST 


Transplantation anesthesia is different form the routine 
cases. His key role intraoperatively is to maintaining 
suitable hemodynamic status, avoid abnormalities in 
coagulation profiles, hypothermia, metabolic complica- 
tions, provide smooth post-operative weaning. His role 
is also vital in providing suitable postoperative analgesia 
to both liver related donor and recipient. 


RADIOLOGIST 


The role of radiologist is important in liver donor 
evaluation. Important aspects of live donor such as the 
estimation of graft volume, degree of fatty change and 
proper evaluation of biliary, vascular anatomy and their 
variations are studied in detail before final selection of 
liver donor. His role is also important during 
intraoperative and postoperative assessment of hepatic 
hemodynamics by Doppler ultrasound. 


PATHOLOGIST 


The role of transplant pathologist is crucial in live donor 
evaluation such as evaluation of fatty change, diagnosis 
of rejection, recurrent diseases, infections and manage- 
ment of long-term complications. Histopathological 
report of liver biopsy guides in diagnosis and 
management of short and long-term complications of 
transplant patients. 
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NURSE COORDINATOR / TRANSPLANT 
COORDINATOR 

Transplant coordinator is a registered nurse with several 
responsibilities. Role of nurse coordinator starts from the 
time the patient is referred to transplant OPD and he/ 
she helps the patients and family for evaluation of live 
donor and recipient. 

Thenurse coordinator will also schedule tests, monitor 
lab results, coordinate clinic visits and communicate any 
concerns to any of your health care providers. The 
coordinator's role is to educate, encourage and assist the 
patient and the family, both before and after 
transplantation. 

He or she will coordinate all the events leading up to 
and following surgery. They include scheduling 
pretransplant testing, work up for the live donor; locating 
donor liver in cadaver transplants, testing for donor 
compatibility, contacting the recipient once a cadaveric 
liver is available, and making sure that the patient has 
proper follow-up care. 

The coordinator will explain the patient how to take 
care of himself before and after transplantation, including 
how to take medication and when to return to the 
transplant center for follow-up visits. He or she can put 
the patient in touch with community services that will 
make life easier for the patient and family. 


FINANCIAL COORDINATOR 

Financial coordinator will explain the financial dealings 
like the cost of transplantation and post-transplant 
medication. He/She also explains the options regarding 
other financial assistance resources that are possible, if 
needed. 


SOCIAL WORKER 


Transplant social workers can provide counseling anc 
support to the patient and family. They will help th 
patient in understanding about transplantation and cop: 
with the condition, and will help to identify any emotiona 
or family issues. The social workers will determin: 
whether the patient has an appropriate caretaker anc 
family support. They can also provide information abou 
community resources such as support groups 
transportation and lodging. Social worker also plays a1 
important role in cadaveric liver transplantation i1 
motivating the donor family for multiorgan donatio: 
when the patient is declared brain dead. 


PHARMACIST 


Pharmacists are a medical professionals licensed t 
dispense prescription drugs. He or she will instruct th 
patient and his family about the importance of medicatior 
and their adverse effects used before and after live 
transplantation. 


NUTRITIONIST 


Nutritionist is a qualified health specialist who guide 
about the food and nutritional science, preventivi 
nutrition, diseases related to nutrient deficiencies, and th 
use of nutrient manipulation to enhance the clinica 
response before and after transplantation. Specia 
attention to address nutritional issues, growth anc 
development, especially neurologic development, arı 
areas that need special consideration in pediatric patients 


INTRODUCTION 


First successful LDLT was reported in 1990.! Most cases 
of LDLT are reported from Asia. But the recent reports 
from UNOS and ELTR show that increased rate of LDLT 
is in Europe and other countries? Living liver donation 
has a surgical risk with donor mortality and morbidity 
rates is 1-1.0% and 15-25%, respectively. A living donor 
is a normal individual who is mentally, physically and 
psychologically healthy. Subjecting a healthy individual 
to high risk surgery was a matter of debate in the initial 
stage of LDLT. But keeping the benefit of recipient and 
balanced selection of donor to avoid complications has 
evoked a revolution in the modern era of LDLT all over 
the world. 


Aim of donor evaluation 

* To find out whether donor is suitable for donation 
or not 

* Detect hidden medical diseases in donor 

* Detailed anatomical evaluation of liver, related to 
segmental anatomy, vascular anatomy and flow 
(anatomy of HA, PV and HV) and bile duct anatomy 
and drainage 

* Estimate the required graft volume 

* To avoid unnecessary morbidity and mortality 

* Evaluate psychological status, motivation for 
donation and legal requirement 


Ideal Donor 
* Mentally, physically and psychologically fit 
* Volunteer for donation 
* No financial or any other benefits from donation 
* Without any pressure or compulsion from the family 
members or medical fraternity for organ donation 
* Preferably a relative of the recipient 
* Should be aware of morbidity, mortality and other 


consequences of organ donation. 


The upper age limit is for living donor is usually 55- 
60 yrs and lower age limit is 16-20 yrs. Age limit varies 
from center to center as per the regulation of the country's 
policy. Each country and each center has its own rules 
and regulations by the respective authorities regarding 
the age criteria. Some centers had used donors of 65 yrs 
age without any additional donor risk.?4 

Living organ donation is a complex decision for the 
donor and his or her family. Transplant coordinator plays 
a vital role in donor evaluation and maintains a close 
liaison with donor and transplant surgeon. Every 
potential donor has a freedom to withdraw himself from 
organ donation during the course of evaluation and 
reason for withdrawal should not be disclosed to the 
recipient or relatives. Rather a technical reason may be 
explained to the family members by transplant surgeon. 
There are lot of psychological pressures in the donation 
process, including maladjustment, worry, and emotional 
demand." Investigations have usually focused on issues 
of health status and medical treatment, ignoring the 
problems of attitude, personal relationship, life-saving, 
and pressure from the family on living donors.5? 
Evaluation of live donor is shown in Table 6.1. 


Contraindications 
* Active bacterial, viral or fungal infections 
* HBsAg positive 
* Hepatitis C Antibody positive 
* CMV/EBY IgM positive 
* Body mass index >30 
* Moderate to severe degree of macrovesicular steatosis 
* Hyperlipidemia 
* Extracranial malignancy 
* Coagulation disorder 


Tuberculosis is a major concern. Active disease is a 
contraindication. Past h/o tuberculosis with complete 


TABLE 6.1: Evaluation of a potential living donor 


Step I 
a. History b. Physical examination 
Hypertension, Body weight 
IHD, DM, COPD. Body height 
Malignancy Body mass index 
Asthma, Tuberculosis Body surface area 
Mental illness Pulse rate 
Allergy Blood pressure 
Drugs- Alcohol Urine analysis 
Smoking 
IV drug abuse 


Chest, heart examination 


Females- Pregnancy 
Contraceptive practice 


e. Serology E 
HBsAg, HBeAg 
Anti HBc, Anti HBsAb 
Anti HBE, Anti HBc, 
Anti HCV Ab 
CMV- IgG and IgM 
EBV- IgG and IgM 
VDRU RPR 
HIV Screening 


Others 
Ceruloplasmin 
Ferritin, Transferrin 


Antinuclear antibody 


Step II 
Psychological assessment 
Chest X-ray, Arterial blood gas analysis 


c. Hematology d. Biochemical 
Hemoglobin, Hematocrit Liver 
TRBC, Platelets Bilirubin (Direct and total 
MCV, MCHC, MCH AST, ALT 
TWBC, DC Alkaline phosphatase 
PT, APTT, INR LDH, GGT 
ABO Blood typing Kidney - Urea 
Creatinine 
Metabolic 
Blood sugar 
(fasting, PP) 
Lipid profile 
Cholesterol 
LDL,VLDL, HDL 
Uric acid 
Amylase 


g. USG of Abdomen 


Tumor markers (AFP, CEA, CA-19-9) 


ECG, 2D-Echocardiogram (in selected cases, particularly marginal donors) 


Computerized Tomography of liver and liver volumetry 
MRI and MRCP for assessment of liver and biliary tree 


Step Ill 
Liver biopsy (in selected cases of fatty livers) 


Step IV 
Lymphocytotoxic antibody screening (Class 1 and 2) 
HLA Typing and crossmatching (optional , not routine) 
Informed consent from donor, recipient and relatives. 


treatment can be accepted for donation. But possibility 
of reactivation of tuberculosis should be kept in mind. 
CMV/EBV IgM positive donors are not accepted. Body 
mass index >30 are not considered for donation as there 
is increased risk of macrovesicular steatosis in liver and 
postoperative complication rate.? But this cut-off is 
mostly applied to western population. In Asian people 
the BMI cut-off can be taken at a lower level of 27.5" 


Body Mass Index (BMI) = Donor weight in kilograms 


Donor height in square meter 


CORE ANTIBODY (HBcAb) POSITIVE DONORS 


HBcAb positive donors can be accepted, but these dono! 
should be evaluated for HBV DNA (viral load) levels an 
the recipient should receive postoperative HB’ 
prophylaxis and lifelong antiviral therapy (Lamivudine 
Entecavir/Adefovir). Postoperative antiviral treatmer 
may be discontinued in recipients with adequate titer 
of HBsAb and HBV DNA negativity. Recipients with cor 
antibody (HBcAb) allograft will have prolonge 
hyperbilirubinemia. Preoperatively recipient should t 


Evaluation of Live Donor 


immunized for HBV and check for Anti HBsAb titers, in 
case of recipients who are transplanted for non HBV 
cirrhosis.? One study says that short term Lamivudine 
is adequate for patients who develop de novo hepatitis 
B infection after HBcAb positive allograft.'> 


DONOR EVALUATION 
CT SCAN 


Three dimensional CT Scan and reconstruction of vascular 
anatomy is preferred. In an MDCT, volumetry of portal 
and venous regional volume can be performed 
Conventional volumetry includes estimation of whole 
liver volume, right lobe volume with or without middle 
hepatic vein (MHV), left lobe volume without caudate 
lobe and remnant liver volume. Detailed evaluation of 
intrahepatic anatomy pertaining to hepatic veins, portal 
vein, hepatic artery and bile duct is important for live 
donor evaluation. The evaluation of vascular and biliary 
is discussed here. Biliary anatomy is studied by 


EVALUATION OF HEPATIC VEINS 


* Origin, anatomy, course, branches and size of RHV, 
MEV, LHV (Figures 6.7 and 6.8). 

* junction of LHV and MHV. 

* Branches of MHV to segment V and VIII (V5 and V8) 
and course and size of each branch (Figure 6.7). 

* Presence of IRHV, MRHV and their course and size. 

* Segment IVb hepatic vein in case of extended RLG or 
RLG with MHV. 


ARTERIAL SUPPLY 


Farlier reports suggest that hepatic arterial anomalies 
occur in 21.4 to 42.2% of all donor livers.!*!5 Arterial 
evaluation includes: 

* Origin, anatomy, course, distribution, variation, 
anomalies or aberrations in RHA and LHA. 

* If middle hepatic artery originates from RHA, 
transection of RHA should be distal to the origin of 
MHA 

* SegmentIV arterial supply (preserved as far as possible 
in RLG to prevent infarction of segment IV if not 
possible can be ligated if it is close to hilum) 

* Multiple arterial supply in one graft—difficult for 
reconstruction intraoperatively due to their smaller 
size 

* Variation like RHA originates from SMA or LHA 
originates from LGA should be noted (Figures 6.1 to 
6.6). 


Figure 6:3: Left hepatic artery from left gastric artery 
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Figure 6:4: RHA as continuation of proper hepatic artery 


Figure 6:7: Middle hepatic vein with branches to segment V 
and VIII and left hepatic vein 


Figure 6:6: LHA 


from left gastric artery 


Figure 6:8: Right hepatic vein and portal vein 


PORTAL VEIN EVALUATION 


* Origin, anatomy, course, branches and size of RPV and 
LPV 
* Any evidence of thrombo: 
narrowing 
Trifurcation of PV if present may cause difficulty in 
reconstruction of portal vein in recipient 
Sometimes segment V and VIII portal vein branches 
may arise from LPV, if present they have usually 
extrahepatic course and are carefully preserved during 
hilar dissection. But if they are present in the umbilical 
fissure, they have usually intrahepatic course and are 
likely to be injured during parenchymal transection. 
So precaution should be taken accordingly during 
surgery to preserve those intrahepatic branches. 


fibrosis, calcification or 
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CT VOLUMETRY 


* Total liver volume of donor liver 

Volume and weight of right lobe in RLG (40% of ESLV 
or 0.8 to 1% of GRWR) (Figures 6.9A to D) 
Volume and weight of left lobe in LLG (30% of ESLV 
or 0.6% of GRWR-Japanese studies, discussed 
elsewhere) 

* Percentage of volume reduction 

* Residual liver volume (RLV) in donor (usually 30- 
>). 
RLV = Estimated whole liver volume-Es 
Percentage of RLV = RLV/Estimated 
100 


35 


Congested area of segment V and VIII in RLG or LLG 
and segment IV in RLG with MHV can be estimated by 
three dimensional CT scan and reconstruction by 
specialsed software as reported by Japanese studies. If 
the patient has ascites or fluid retention in the form of 
pedal edema, the size of the graft for the recipient is 
usually over estimated due to the weight of the ascitic 
fluid. The graft weight is estimated by CT volumetry is 
not accurate, but approximately it coincides with the 
original weight because the plane of parenchymal 
transection and the plane in which radiologist estimates 
the graft volume may be slightly different. 


Figures 6.9A to D: CT volumetry for right lobe volume 


stimation (Right lobe marked as white color) 


CT EVALUATION OF SEGMENTAL ANATOMY AND 
FATTY LIVER 


Segmental anatomy of the liver is studied for the presence 
of any tumor, cyst or hemangioma. Assessment of hepatic 
steatosis in donors is measured by Hounsfield units of 
the region of interest (ROI) identified in the liver and 
spleen and calculating an index of hepatic attenuation 
(Table 6.2).?2? Unenhanced CT Scan is highly accurate 
in enabling diagnosis of >30% macrovesicular hepatic 
steatosis in liver related donors. Complications of CT scan 
are usually 1%, mostly related to contrast injection, such 
as hypersensitivity reactions, anaphylaxis, nephropathy 
and renal failure?! 


Fatty change CT number 
No fatty change >14 

Mild 1.0 to 1.1 
Moderate 0.9 - 1.0 
Severe «09 


Visual assessment of degree of steatosis in liver on 
unenhanced CT is performed by using a five point scale. 
Attenuation is compared between the liver and hepatic 


vessels. 


Grade 1: Hepatic vessels have lower attenuation than the 
hepatic parenchyma out to the peripheral 1/3 of liver 


Grade 2: Hepatic vessels have lower attenuation than the 
hepatic parenchyma out to the middle 1/3 of liver. 


Grade 3: Hepatic vessels have lower attenuation than the 


hepatic parenchyma out to the central 1/3 of liver 


Grade 4: Hepatic vessels have same attenuation as that 
of hepatic parenchyma. 


Grade 5: Hepatic vessels have higher attenuation as that 
of hepatic parenchyma 

Liver attenuation index [ CT(L-S) ], defined as hepatic 
attenuation. minus splenic attenuation. Hepatic 
attenuation is calculated by averaging the Hounsfield 
units of 8 ROIs, measuring 1.5 x 1.5 cm each and located 
in 8 different sites in the right lobe (2 regions in each of 
Couinaud hepatic segments V, VI, VII and VIII). 


R CHOLANGIOG 

ALUATION (F 

* MRI delineates clear intra- and extrahepatic anatomy 
of the biliary tree. 

* Hilum and Union of LHD and RHD, union of anterior 

and posterior branches of RHD in RLG 


6.10 
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Figure 6.10: MRC: Trifurcation of bile duct 


Figure 6.11: MRC: Posterior duct opening into the left IHD. Green 
Left hepatic duct; Red: Right anterior branch, White: Right posterior 
branch 


* Segment II, III and IV ducts and their union in LLG. 

* Posterior duct joining the LHD is common anomaly 
and other anomalies also searched. 

* Lowerinsertion of RHD or one of the branches of RHD 
is also frequently encountered anomaly. 

* Segment IV duct sometimes directly joins LHD very 
close to hilum or opens independently, if present 
should be mentioned so that care is taken 
intraoperatively. 

* Noneofthese are contraindications for donor selection, 
proper intraoperative planning should be done to 
modify the reconstruction. 


INFORMED CONSENT BEFORE TRANSPLANT 


* Obtaining the informed consent is the most important 
step in evaluation. Before transplantation, the 
transplant surgeon discusses the issues related to 
transplant with the donor, recipient and relatives in 
detail about the morbidity, mortality and possible 
outcomes after transplantation. 

* Possibility of withdrawl from donation is also clearly 
explained to donor during this interview. Drop out 
rates in donors from donation ranges from 15-50% 
from various centers across the world. 


* Complete documentation is vital before transplanta- 
tion as the complications after surgery may change the 
attitude of relatives and to avoid future legal problems. 


DONOR COMPLICATIONS 


A wide range of complication rates are reported in the 
literature in donors after LDLT (Table 6.3). Overall 
complication rates range from 0 to 67%, with an overall 
crude complication rate of 31%. The Clavien system? 
can be applied to complications after LDLT. According 
to a recent series* of 101 donors who underwent right 
liver resection, overall morbidity rate was 37%; all 
complications were either grade 1 or 2 of Clavien's 
classification, and the majority occurred during the first 
30 days after surgery. Biliary complication rate is 0-7% 
of donors, including bile leaks and strictures. 
Complications related to major abdominal surgery 9-19% 
of donors, including wound infections, small bowel 
obstruction, pneumonia and incisional hernia. According 
to a National survey in Japan,*? 244 postoperative 
complications were reported in 12% of donors (228/1853). 
The frequency of complications was significantly higher 
in donors of the right liver graft than in those of left-sided 
grafts. Re-operation was performed in 1% of the donors. 


Hematological Primary hemorrhage Secondary hemorrhage E 
Pulmonary Effusion Effusion - 
Pneumothorax Respiratory failure - 
Edema Edema - 
- Empyema < 
GI Bile leak/bilioma Ascites Small bowel obstruction 
Duodenal ulcer related Biliary fistula, abscess Incisional hernia 
pancreatitis Paralytic ileus Post-donation dyspepsia 
CBD injury Diaphragmatic injury Altered gastric motility 
= Liver failure Cholestatic liver dysfunction 
= Hyperbilirubinemia Biliary stricture 
7 Duodenal ulcer related Secondary biliary cirrhosis 
Cardiac Arrhythmia Cardiac arrest d 
Cardiac arrest > - 
Infective E Wound complications Pressure sores 
= Drain related * 
- Sepsis - 
Neurological $ Convulsions Convulsions 
- Encephalopathy Brachial/peroneal nerve injury 
Vascular Hepatic artery injury Deep vein thrombosis PV narrowing / thrombosis 
Portal vein injury =- = 
Renal Oliguria Renal failure 
Psychological = - Psychological problems 
Re-exploration Yes Yes = 


Death = Yes 


Yes 


Clavein Grading of Complications in Live Liver Donors** 
Grade I (non-life threatening complications): Requires 
bedside intervention or postoperative bleeding with « 4 
units of PRBC or ICU/hospital stay-not prolonged, not 
longer than twice the median population. Grade II 
(without any residual disability): IIa: require treatment/ 
medication or 2 4 units of PRBC transfusion; IIb: require 
therapeutic intervention or readmission or ICU stay >5 
days and IIc: Donor surgery abandoned or not resulting 
in transplantation. Grade III (with residual disability): 
Illa: low risk of death and results in permanent, but not 
progressive disability; and IIb: lasting disability difficult 
to control or significant risk of liver failure or death. Grade 
IV (liver failure or death of donor): IV a: results in liver 
transplantation in donor and IV b includes donor death. 


Multicenter study from Europe, Asia, and USA in LDLT 
shows that: 

e Readmission rate : 5 to 132555465557 

* Reoperation rate : 1 to 4.595354652 


Donor risk in different countries:* 
* USA - 0.38% 
* Europe - 0.31% 
* South Africa - 0.17% 
* Asia - 0.02% 
Morbidity in live donor:* 
* Umeshita et al, Japan: 12% (228/1853 patients) 
20% in 443 patients 

e Ghobrial et al, USA: 21% (393) 
Psychological problems in live donors*é: 
* Fukunisha et al, Japan - 10955? 
* Walter et al, Germany - 2095?! 
* Trotter et al, USA - 4.1955 

Total 28 deaths have been reported all over the world 
so far as per the data discussed in IHPBA 2008. Most of 
the donor deaths were reported after right lobe 
donation. (Tables 6.4 and 6.5) It is reported that 
operative mortality for the RL donor is estimated to be 
as high as 0.15-1%,12427334041 


FOLLOW-UP OF DONOR (FIGURES 6.12 AND 6.13) 


Donor is followed up in OPD 2nd week, followed by 1, 
3 and 12 months. During 1st and 2nd week visit, total 
serum bilirubin, AST, ALT, PT, INR, serum albumin 
levels are examined. In the following visits along with 
routine liver function tests, CT scan is performed at 1, 
3 and 12 months to evaluate the liver regeneration and 
remnant liver volume assessment. 


TABLE 
Western countries (Till 2007] 


Country location Cause of death Graft 
North America 
USA 
New York Aspiration, Gas Gangrene RLG 
(World's first 
donor death) 
San Antonio Anaphylaxis LSG 
Chapel Hill Sepsis RLG 
Los Angeles Suicide RLG 
Philadelphia Illicit drug overdose LSG 
California Pulmonary embolism LLG 
= Suicide RLG 
= Accident RLG 
South America 
Brazil 
Curitiba Cerebral bleeding RLG 
Recife Bleeding LLG 
Europe 
Germany 
Hamburg Pulmonary embolism LSG 
Essen Liver failure, 
Bernardinelli-Seip syndrome RLG 
Jena Multiorgan failure RLG 
Hamburg Amyotrophic lateral sclerosis LSG 
France 
Lyon Sepsis RLG 
Paris Myeloma, Multiorgan failure RLG 
Africa 
Egypt 
Cairo Sepsis due to bile leak RLG 
Shibin El Kom Liver failure, Bleeding, RLG 
PV thrombosis 
Turkey 
Izmir Pulmonary embolism RLG 


3954 


ing Donor mortality in Asia (Till 200; 


Country location . Cause of death Graft 
India 
New Delhi Pulmonary embolism RLG 
Hyderabad Remained in coma state for 
long period and died RLG 

Coimbatore Not reported 
Japan 

Kyoto Remnant liver-27%, Liver failure, RLG 

Nonalcoholic steatohepatitis (NASH) 

Kyoto Sudden death (unknown cause) LSG 
Singapore Acute myocardial infarction RLG 
Korea 

Suwon City Liver failure RLG 
China 

Hong Kong Air embolism, Duodeno-caval fistula RLG 
Taiwan Not reported 


(RLG - Right lobe graft; LLG - Left lobe graft; LSG - Lateral segment 
graft) 


RADIOLOGICAL EVALUATION OF POTENTIAL 
TRANSPLANT RECIPIENT 


Radiological evaluation of the recipient includes the 

assessment of: 

1. Detailed vascular anatomy 

2. Hepatic malignancy (if any) 

3. Presence of portocaval shunts and transjugular 
portosystemic shunt (TIPS) 


DETAILED VASCULAR ANATOMY 


Vascular anatomy is assessed by conventional, CT, and 
MR angiography. 


Hepatic Arterial Anatomy5®-80 


Variations in hepatic artery are commonly seen and they 
alter the transplantation procedure. The various arterial 
variations are as follows: 

* Accessory or replaced left hepatic artery from the left 
gastric artery or celiac trunk. 

* Accessory or replaced right hepatic artery from the 

superior mesenteric artery. 

Replaced proper hepatic artery arising from the left 

gastric or superior mesenteric artery. 

* Separate origin of the common hepatic artery from the 
aorta. 

* Trifurcation of the common hepatic artery into right 
hepatic, left hepatic, and gastroduodenal artery. 

* Early origin of right or left hepatic artery from the 
common hepatic artery, proximal to the origin of the 
gastroduodenal artery. 

* Right hepatic artery originating from the 
gastroduodenal artery. 

The incidence of splenic artery aneurysm is increased 
in patients with cirrhosis and portal hypertension, and 
they are at increased risk for rupture of aneurysm after 
transplantation. Atherosclerosis of the recipient's 
celiac trunk or hepatic artery needs to be assessed before 
transplantation, as interposition graft may be required 
in some cases. 


Portal Venous Anatomy*"62 


Anatomical variants of the portal venous system are 
usually not significant but presence of portal vein 
thrombosis is an important aspect of the recipient with 
cirrhosis. 


Tumor thrombus:” Portal vein thrombus due to tumor is 
common in patients with hepatocellular carcinoma, due 
to the propensity of the tumor to grow into vessels. 
Transient focal hyperintensity of the liver parenchyma 


distal to the thrombosed portal vein (transient hepatic 
intensity difference) may be present on MR images 
obtained during the arterial phase after gadolinium 
injection. The thrombosed vessel is often enlarged. On 
gadolinium enhanced MR images, tumor thrombus 
enhances heterogeneously where as bland thrombus has 
the appearance of a hypointense filling defect. 
Differentiation between bland and tumor thrombus is 
important, since the presence of tumor thrombus is a 
contraindication for hepatic transplantation. Over a 
period of time, a bland thrombosis might recanalize or 
lead to cavernous transformation of the portal vein. In 
case of recipient's bland portal vein thrombosis, portal 
vein reconstruction can be performed by interposition 
graft or jump graft from the recipient's superior 
mesenteric to the donor liver's portal vein. Diffuse 
thrombosis of the recipient's portal and superior 
mesenteric veins is a contraindication for hepatic 
transplantation. Portal-systemic varices adjacent to the 
liverand IVC can cause hemorrhage during hepatectomy. 
They are visualized as tortuous structures on contrast- 
or gadolinium-enhanced CT or MR images. 


Inferior Vena Cava and Hepatic Veins*? 


Variations in the anatomy of the hepatic veins and the 
TVC are important in case of preservation of recipient IVC 
during hepatectomy for piggyback anastomosis 
technique. A common variation of hepatic veins is the 
presence of one or more accessory right inferior hepatic 
veins draining independently into the IVC. Azygos 
continuation of the IVC is exceedingly rare. Inpatients 
with cirrhosis, the caudate lobe enlarges and might 
completely surround the IVC, which complicates removal 
of the liver from theretrohepatic IVC during hepatectomy. 
Hepatocellular carcinoma may grow into the hepatic 
vasculature including hepatic veins or IVC and may 
present as tumor thrombus. Presence of this finding on 
CT or MR images is a contraindication for transplantation. 


ASSESSMENT OF HEPATIC MALIGNANCIES 


Screening for hepatic malignancies, particularly 
hepatocellular carcinoma is an important aspect of 
recipient evaluation. The size, number, extent of hepatic 
involvement, presence/absence of portal vein thrombosis 
will determine the indication for transplantation as per 
the Milan/UCSF criteria. Assessment can be performed 
with ultrasound, dynamic multiphase contrast-enhanced 
CT, dynamic multiphase gadolinium-enhanced MR 
imaging, and, more invasively, CT arterial portography 
(CTAP) and CT hepatic arteriography (CTHA). MR 
imaging is preferred over CTAP and CTHA due to its 


noninvasiveness, high sensitivity and accuracy in patients 
with cirrhosis.5**7 But MR imaging is insensitive for the 
diagnosis of small hepatocellular carcinoma measuring 
< 2 cm. 


Hepatocellular carcinoma: MR imaging appearance of 
hepatocellular is variable, with the most specific finding 
is an arterial enhancing lesion, which becomes 
hypointense compared with the liver parenchyma on 
delayed phase after gadolinium injection. Some 
hepatocellular carcinomas may contain lipid. An 
enhancing pseudocapsule is often present on delayed 
images. Benign abdominal lymphadenopathy is common 
in cirrhotic patients due to hepatitis C; abdominal lymph 
node enlargement does not affect staging of hepatocellular 
carcinoma, but abdominal lymph node biopsy is 
necessary before transplantation. Distant metastasis to the 
lungs, abdominal lymph nodes, and bone is also searched 
during evaluation.” Presence of extrahepatic metastasis 
is an absolute contraindication for transplantation.” 


Cholangiocarcinoma: Initially cholangiocarcinoma was 
regarded a contraindication for liver transplantation 
because of its high recurrence rate.” Later improved 
survival has been reported in selected patients with tumor 
<3 cm particularly perihilar cholangiocarcinoma who 
were treated with pre-transplant chemoradiation.”°7! 
Cholangiocarcinoma is usually associated with focal 
biliary ductal dilation distal to the tumor and capsular 
retraction is another ancillary finding.” Cholangiocarci- 
noma often enhances late on dynamic contrast or 
gadolinium-enhanced CT or MR images. An optional 
finding is peripheral rim enhancement during the earlier 
phases after contrast injection.7>7* 

Other intrahepatic tumors which require transplanta- 
tion are:7> 
a. Fibrolamellar carcinoma 
b. Epithelioid hemangioendothelioma 
c. Metastatic neuroendocrine tumors. 


PRESENCE OF PORTOCAVAL SHUNTS AND 
TRANSJUGULAR PORTOSYSTEMIC SHUNT (TIPS) 


Presence of surgical shunts or TIPS need some technical 
modifications during transplantation in a recipient. 
Presence of portocaval shunts makes the recipient surgery 
more difficult. Distal splenorenal shunts will not have 
much impact on transplantation surgery. However, 
creation of surgical shunts in obsolete after introduction 
of TIPS. Assessment of location of TIPS is an important 
aspect, prior to transplantation. Intrahepatic location of 
the TIPS is confirmed if the superior tip is located within 
the right hepatic vein and the inferior tip in the right portal 
vein. An intrahepatic located TIPS is removed during 


recipient hepatectomy and does not interfere with the 
transplantation procedure.” TIPS migration into the 
suprahepatic IVC or right atrium or distally into the main 
portal vein may complicate hepatectomy. The 
inflammatory response around the vessel wall renders 
the affected vein unusable for primary anastomosis./* 
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INTRODUCTION 


In living donor liver transplantation (LDLT), the size of 
the graft is a major concern for both donor and recipient 
safety. Small-for-size graft (<0.6-.8%) leads to graft 
dysfunction and other life-threatening complications.! 
Conversely, large-for-size grafts (>5%) may be associated 
with anatomical, immunological disadvantages and graft 
necrosis; however, their negative impact is less 
pronounced." In recipient, an adequate graft volume is 
necessary to satisfy the metabolic demands of the 
recipient? The residual liver volume in the donor must 
be sufficient for postoperative liver regeneration and 
metabolic needs? During graft harvesting of LDLT, it 
should be determined on which side of the donor liver, 
the middle hepatic vein should be preserved to avoid 
congestion of parenchyma. The congestive area in the 
right liver graft does not function well immediately after 
transplantation.* Therefore, an accurate preoperative 
estimation of the volume should be mandatory for 
LDLT.5^ Volume estimation is usually obtained by hand- 
tracing the Dynamic CT Scan images of each slice and 
calculating the liver volume by integrating those planar 
dimensions’ and the graft weight is measured so as to 
meet the GRWR. This technique is gradually replaced by 
the region-growing method using three-dimensional 
(3-D) CT, mostly used in Japan.52? 


3-D CT IMAGING AND VOLUMETRY®:20 


3-D image reconstruction and volume is measured using 
the region-growing method with 3-D CT software, where 
the liver parenchyma, PV and HV are extracted after 
setting a seeding point, the region was extended to 
neighboring voxels if the CT density of the voxel is within 
a specified range. Then images of parenchyma, PV and 
HV are reconstructed and demonstrated from any angle 
by the software. Volumetric measurement is performed 


using an autosegmentation algorithm, which automa- 
tically delineates the liver segments according to the 
3-D structure of vessels. 

Itcan be used to calculate the territory of the individual 
portal vein tributaries as well as of the hepatic vein. Each 
volume of the left lobe, caudate lobe, right paramedian, 
and lateral sectors can be measured. The volumes of liver 
parenchyma drained by the right hepatic vein, middle 
hepatic vein, left hepatic vein, and inferior right hepatic 
vein can also be measured. To estimate the hepatic venous 
congestion in the right hepatic graft that emerges in the 
dividing tributaries of the middle hepatic vein, the volume 
of the territories of V5 and V8 tributaries are measured. 


GRAFT VOLUME ESTIMATION 


Graft Volume estimation is as follows”: The minimum 
graft volume required for the recipient was 40% of the 
recipient's standard liver volume (SLV). The residual liver 
volume in the donor had to be greater than 30-35% of 
the total liver volume.'"? Different formulas are available 
for estimation of SLV. 


Urata et al? designed formula for SLV for Japanese 
patients (widely accepted): 
SLV = 706.2 x body surface area (m?) + 2.4 


Makuuchi et al?! designed another formula for Japanese 
patients for calculating: 
SLV (cm?) = -404.8 + 961.3 x BSA (m?) 


In Western population SLV is calculated as follows: 
SLV = -794.41 + 1267.28 x BSA in square meter 
SLV = 191.80 + 18.51 x weight in kg 


Heinemann et al? published the formula for estimation 

of standard liver volume (SLV) for Caucasian population: 
SLV (mL) = 1072.8 x BSA (m?) — 345.7 was 1463 mL 
for the recipient 


Body surface area can be calculated by using either 
Dubois formula? or Mosteller's formula:!? 

Dubois formula = BSA (m?): BW (kg)"25 x BH 

(cm)9725 x 0.007184 

Mosteller's formula = BSA: v(Body Weight x Body 

Height/3600) 

Other formulas which are used to estimate liver 
volume (LV) using two- or three-dimensional computed 
tomography volumetry (CTV) are: 

DeLand formula*: LV = 1020 x BSA - 220 

Noda formula: LV 12 x (Body weight)°7> 

Vauthey formula*: LV = 18.51 x BW + 191.8 

Yoshizumi formula?: LV = 772 x BSA 

DeLand and North® calculate standard liver weight 

from body surface area (BSA) as follows: 

Liver weight (kg) = 1.02 x BSA - 0.22 

Recently Kayashima et al? reported the age adjusted 
formula for assessing graft volume in LDLT and reported 
that the mean error ratio for the age-adjusted formula 
(9.6%) was significantly lower than that from 3D-CT 
(14.0%). 

Age-adjusted GV = 70.767 + (0.703 x GV estimated 

with 3D-CT volumetry) + (1.298 x donor age). 


SPLIT LIVER 


In split liver transplantation and LDLT, a GV/SV ratio 
of = 4095115 or a graft-to-recipient weight ratio (GRWR) 
of = 0.89615 is recommended to achieve good graft and 
patient survival rates. In split liver for 2 adults, problems 
encountered to achieve adequate GRWR of 0.8%. In 
such instances caudate lobe is included in the left lobe 
along with the IVC for a piggy back anastomosis in the 
recipient and right lobe is harvested in the same way as 
classical right lobe graft. In our center, we accept live 
donors with GRWR 2 0.8% and remnant liver volume in 
the donor should be at least 35% with minimal or no fatty 
change in the donor. 


FATTY CHANGE—DONOR SELECTION 


Presence of fatty change ina live donor is a major concern, 
affecting the post-transplantation graft dysfunction. 
Severe steatosis of the liver graft places the recipient at 
risk for PNF in DDLT.!5 Marcos et al proposed that every 
1% of hepatic steatosis should be assumed to decrease 
the functional liver graft mass by 1?5.? Most authors 
regard macrovesicular steatosis to be more clinically 
relevant than microvesicular changes in liver grafts. 
Microvesicular steatosis of any degree will not affect graft 
survival following liver transplantation.?5?7 Moderate to 


severe steatosis is found in approximately 20% of 
potential living donors.?*39 In cadaveric donors the 
prevalence of hepatic steatosis ranges from 13 to 28%. 
Donor obesity is associated with an increased severity 
of liver fatty infiltration. 


The degree of steatosis for selection of donors is 
classified as:> 


Live donor liver transplantation 


Degree of fatty change Percentage 

Mild 0-19% steatosis 
Moderate 20-35% steatosis 
Severe >35% steatosis 


Pathological classification of fatty change in deceased 
donors: 


Whole liver (Pathological classification) 


Degree of fatty change Percentage 
Normal pathology No fatty change 
Mild fatty change 10-30% 
Moderate 30-60% 

Severe steatosis >60%. 


PREVALENCE OF HEPATIC STEATOSIS 


Prevalence of hepatic steatosis with increasing age? 
* 1% in «20 years of age 

* 18% in 20 to 40 years 

* 39% in >60 years. 

Yoo et al demonstrated unaltered survival rates 
following liver transplantation of grafts with fatty 
change.” Even in living-donor liver transplantation, the 
use of organs with moderate steatosis (20-35%) is 
associated with similar 1 year organ survival rates as 
compared to nonsteatotic donors.’ The prognosis of 
macrovesicular steatosis appears to be impaired if further 
risk factors such as prolonged ischemic time (>10 hours), 
high donor age (>65 years), HCV positive recipients, are 
present." Donors with 30-60% steatosis should be 
considered for transplantation, only in the absence of 
other risk factors.?* Spanish National Transplant 
Organization report from 2004, 38% of cadaveric donors 
were older than 60 years of age.*? There was a clinical 
consensus to exclude liver grafts with severe steatosis but 
to include those with mild steatosis. At present livers with 
moderate steatosis can be used except in the sickest 
recipients. Liver donors with moderate steatosis can be 
used safely, without imposing increased death and 
disease on the recipients, except in patients with a MELD 
score 218.755 Grafts with moderate steatosis should not 
be rejected on the grounds of the degree of fatty infiltration 


alone, in the absence of other contraindications they can 
be transplanted safely with good results for short- and 
long-term organ survival. However, impaired primary 
postoperative liver function (elevation in AST, ALT and 
prothrombin time) due to steatosis is to be accepted.“ 


PREDICTION OF EARLY GRAFT FUNCTION IN LDLT** 


A new formula for predicting early graft function and 
prognosis using technetium-99m galactosyl-human 
serum albumin (Tc-GSA) liver scintigraphy, was recently 
designed by Yoshizumi et al. The new formula is based 
on the ratio of the hepatic uptake ratio of Tc-GSA to the 
clearance index of Tc-GSA (LHL/HH) is as follows: 


LHL/HH (predictive score) = 0.011 x graft weight (%) 
— 0.016 x donor age - 0.008 x MELD Score - 0.15 x shunt 
(if present) + 1.757 (r? = 0.497, P < 0.01). 


The 6-month survival probability is improved in the 
group with a predictive score = 1.3. LHL/HH score is 
predicted by the graft size, donor age, and preoperative 
status of the patient. The score is found to be distinctly 
useful as an indicator for predicting early graft function. 
This is the first report of the prediction of early graft 
function prior to surgery for adult LDLT. 
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Synonym: Heart-beating donors 
INTRODUCTION 


According to the Uniform Declaration of Death Act 
(UDDA) 1981, death may be declared as a result of 
irreversible cessation of circulatory and respiratory 
function (cardiopulmonary) or irreversible cessation of 
all functions of the entire brain, including the brainstem 
(brain death). 


SOURCES OF DONOR ORGAN 


* Heart-beating donors following diagnosis of brain 
death 
© Non-heart-beating donors following cardio-respiratory 
arrest! 
* Living related organ donors 
Introduction of direct brainstem testing in the 1970s" 
changed the emphasis to utilizing organs from so-called 
donation after brain death (DBD) or heart-beating donors. 
Initially heart-beating donors were used for organ 
donation. Later the concept of live related donor and non- 
heart-beating donor started due to: 
* Shortage of donor organs from brain dead patients 
* Increased demand of the long waiting list 
* Improvements in diagnosis and management of severe 
brain injuries 
* Reduction in numbers of severe head injuries. 


PATHOPHYSIOLOGICAL CHANGES AFTER 
BRAINSTEM DEATH 

Pathophysiological changes after brainstem death 
jeopardize the function of potentially transplantable 


organs. The clinical course of a brain dead patient who 
was supported by ventilator is short with asystolic cardiac 
arrest usually occurs within 72 hours. But cardiac and 
other body functions can be maintained for many days 
in fully supported brain dead patients. Prolonged cold 
ischemic time in DBD donor grafts is an important cause 
for poor outcomes as compared to live donors. So 
avoiding long CIT is important in DBD donors. 


HEMODYNAMIC CHANGES 


Hemodynamic changes after brainstem death may cause 
the following: 

* Endothelial shear stress 
* Vasoconstriction 

* Ischemia 

* Endothelial activation 

* Inflammatory response. 


CARDIOVASCULAR CHANGES 


There are two different phases, characterized by 
sympathetic over activity and under activity. 


Hyperdynamic Phase 

This phase is due to sympathetic over activity and is 
caused by a transient catecholamine (adrenaline and 
noradrenaline) surge. Catecholamine storm adversely 
affects the delicate balance between myocardial oxygen 
supply and demand and is manifested as increase in heart 
rate, blood pressure, cardiac output and systemic vascular 
resistance. 
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Cardiovascular Collapse Phase 

Loss of sympathetic tone results in hypotension, vasodi- 
latation and myocardial depression. Hypovolemia and 
hypotension also occurs due to secondary to diabetes 
insipidus in unsupported patients with brainstem death. 
Subendocardial myocardial ischemia and ventricular 
dysfunction are common even in previously healthy 
hearts. 


Diabetes insipidus: It occurs in approximately 65% of 
organ donors due to reduced production of anti-diuretic 
hormone and is manifested as 

* Diuresis 

* Hypovolemia 

* Plasma hyperosmolality 

* Hypernatremia. 

Hyperglycemia: Reduced insulin secretion leads to 
development of hyperglycemia which may be aggravated 
by the administration of large volumes of glucose 
containing fluids, if used to treat hypernatremia and 
increased levels of catecholamines. If hyperglycemia is 
not corrected, it leads to increased extracellular 
osmolality, metabolic acidosis, osmotic diuresis and 
cardiovascular instability. 

T3 and T4 level: Anterior pituitary failure is less common 
and it causes reduction in the circulating levels of T3 and 
T4 leading to cardiovascular deterioration. 
Pulmonary dysfunction: It is common in the organ 
donor and may be due to the development of pneumonia, 
aspiration of gastric contents, neurogenic pulmonary 
edema or pulmonary trauma. Rapid hemodynamic 
changes may disrupt capillary integrity and cause severe 
lung injury. 

Hypothermia is due to hypothalamic failure after 
brainstem death leading to impaired temperature 
regulation. Heat production is reduced due to fall in 
metabolic rate and loss of muscular activity associate with 
an increase in heat loss due to peripheral vasodilatation. 
Hepatic viability is impaired after brain death. The exact 
mechanism of reduced graft quality is unknown. 
Histological liver shows central venous congestion and 
leukocyte infiltration. Hepatocellular enzymes may be 
elevated and bile production is reduced. 
Coagulopathy: PT is prolonged due to release of tissue 
thromboplastin by ischemic or necrotic brain. DIC is also 
frequently seen. 


MONITORING OF BRAIN DEAD DONOR 


After the brain death declaration and once willingness 
is obtained from the family about organ donation, there 


is a change in the emphasis of care. The care is diverted 
to optimizing transplantable organ function instead of 
preserving brain function. Sufficient time must be allowed 
for confirmation of brainstem death but unnecessary 
delays should be avoided to minimise the risk of 
deterioration of quality of donor organs. 


COMMON PROBLEMS IN ORGAN DONORS 
* Myocardial dysfunction 

* Reversible lung injury 

* Infections 

* Hypernatremia 

* Deranged hepatocellular enzymes 

* Elevation of creatinine 


CARE OF THE DONOR 

GENERAL TREATMENT 

* Aggressive chest physiotherapy 

* Broad spectrum antibiotics 

* Correction of electrolyte imbalance 

* Arterial line, central line and pulmonary artery (swan 
ganz) catheters should be inserted. 

* Hypovolemia should be corrected to maintenance of 
adequate tissue perfusion and preservation of organ 
viability. Avoid excessive volume replacement 
particularly in potential lung and heart donors. 

* Echocardiography is useful to exclude major structural 
abnormalities of the heart and to measure left 
ventricular ejection fraction. Some transplant units will 
only request insertion of a pulmonary artery catheter 
is useful in patients with left ventricular ejection 
fraction below 45%. Transesophageal echocardio- 
graphy is also useful. Assessment of right ventricular 
size and function is important and frequently 
challenging. 

* Doppler US examination is performed on the liver to 
see the fatty change, rough estimation of vascular 
anatomy and flow pattern. 

e CT scan: Few centers perform abdominal CT scan for 
detailed evaluation of liver in the donor as the donor 
is in critical condition to shift for a CT scan. In most 
of the centers CT scan is not a routine practice. 


SPECIFIC TREATMENT STRATEGIES IN POTENTIAL 
HEART-BEATING DONOR? 
Hematology 


* Hemoglobin should be maintained > 9 gm% 
* Coagulation, if any is corrected by FFP and platelets. 


SS 


Hemodynamic Goals for Potential Multi-visceral Adult Donor 


Heart Rate 60-100 beats/min 

Sinus rhythm is desirable 

Mean arterial pressure 60-80 mm Hg 

Central venous pressure (CVP) ~ 4-8 mm Hg 
Pulmonary artery occlusion pressure ~ 10-15 mm Hg 
Cardiac Index > 2.1 1/min/m? 


Cardiovascular Care 


* Maintain optimal cardiac output, normal preload and 
after load 

* Use of high dose p adrenoreceptor agonists, other 
inotropes and vasopressors 

* Selection of inotropic agent depends on the data of 
pulmonary artery catheterization: 

— Vasopressin is less likely to cause metabolic acidosis 
or pulmonary hypertension and is preferred over 
noradrenaline for the cardiovascular collapse. 

- High dose adrenaline may result in vasoconstriction 
in donor organs. 

- Dobutamine may lead to vasodilatation, 
hypotension and tachycardia. 


Pulmonary Care 


* Strict asepsis should be continued during 
physiotherapy and tracheal toilet to avoid infection 

* FiO) is usually kept at < 0.4 to minimise the risk of 
oxygen toxicity 

* PEEP < 5 cm H;O will prevent alveolar collapse 

e Maintain normocapnia (PaCO; ~ 5.0-5.5 kPa) 

e Ventilate with lowest FiO: to maintain PaO of >10.0 
kPa 

* Avoid high inspiratory pressures. 


Renal 


Low dose dopamine is used to prevent hypotension 
associated acute tubular necrosis and renal failure. 


Endocrine 


Hormone replacement therapy: 

* Most transplant units practice empirical use of T3 
infusions in all potential organ donors 

* High dose methylprednisolone, 15 mg/kg is given to 
decrease the inflammatory response 


Infection 
* Endotracheal secretions, urine and blood cultures are 


sent daily 
* Antibiotics used to control infection. 
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Hypothermia 

Hypothermia is avoided by using: 

* Warmed intravenous fluids and warming blankets 
* Heated and humidified inspired gases 

* Increased ambient temperature 


TREATMENT OF COMMON PROBLEMS IN 
POTENTIAL HEART-BEATING DONORS? 

Diabetes Insipidus 

Tn this condition maintain 

e Na' = 155 mmol/L with 5% dextrose 

* Urine output about 1-2 ml/kg/h by using vasopressin 

1 U bolus and 0.5-4.0 U/h infusion. 

Higher dose of vasopressin is usually avoided due to 
coronary, renal or splanchnic vasoconstriction. 
Intermittent desmopressin (DDAVP), which is highly 
selective for the V2 receptor found in the renal collecting 
ducts, may be used if vasopressin fails to control diuresis. 


Hyperglycemia 

Hyperglycemia is common in patients with brain death. 
Strict glycemic control (4.4-6.1 mmol/L) improves 
survival in critically ill patients by reducing infective 
complications. It is controlled by insulin infusion to 
maintain plasma glucose 4-9 mmol/L. and maintain K* 
> 40 mmol/L 


Donor Hypernatremia 

Donor hypernatremia >155-mmol/L is associated with 
hepatic dysfunction after transplantation and should be 
corrected. 


Hypothyroidism 
Tri-iodothyronine (T3) 4 ug bolus then infusion at 3 pg/ 
hour. 


HEPATIC GRAFT PROTECTION 


Hepatic graft ischemia leads to rapid breakdown of ATP 
and alters mechanisms for handling the breakdown 
products of ATP causing free radical damage on 
reperfusion. Aim of cold storage is to minimise ATP 
depletion as metabolism decreases by 7% for every degree 
centigrade fall in temperature. Cooling slows down but 
doesn’t entirely eliminate cell dysfunction. Prolonged cold 
ischemia is a risk factor for successful graft outcome. In 
hepatic grafts, sinusoidal cells may show signs of 
degeneration after just 4 hours of cold storage. Incidence 
of PNF/delayed graft function is increased after 12 hour 
of CIT and >1 hour of WIT. 


REPERFUSION INJURY 


The sinusoidal lining cells of the liver are particularly 
vulnerable to the effects preservation /reperfusion injury. 
Strategies of potential value in attempting to reduce 
ischemia and reperfusion injury include anti- 
inflammatory pre-treatment of donors, ischemic 
preconditioning and use of various flush solutions before 
reperfusion. Continuous liver perfusion has a greater 
potential importance in controlled non-heart-beating 
donations. Reperfusion and resuscitation of liver ATP 
stores can be undertaken before cold storage. 


DONOR NUTRITION 

Animal studies have shown significant improvements of 
hepatic lining cell viability and reduced reperfusion 
injuries with enteral and parenteral nutrition respectively. 
Most of the transplant centers continue enteral nutrition 
as tolerated until 4 hours prior to multi-organ donor 
operation. 


POLICY FOR DECLARATION OF BRAIN DEATH 
(TAIWAN) 

In Taiwan, the declaration of brain death is made of by 
at least 2 qualified medical professionals including the 
one anesthesiologist and one neurophysician or neuro- 
surgeon. None of these professionals belong to the organ 


transplantation team. The evaluation for declaration of 
brain death is done twice at an interval of 4 hours. 


EARLY DETECTION OF BRAIN DEATH? 


Bispectral index (BIS) is a tool for clinical evaluation of 
the moment of brain death (BD). Continuous BIS 
monitoring is performed using an XP BIS monitor and 
BIS Quatro-sensor evaluating the BIS and the suppression 
ratio (SR). Patients in ICU will have a sonographic 
monitoring with transcranial Doppler ultrasound 
performed every 8 to 12 hours until the diagnosis of BD. 
Gradual decrease in BIS and increase in SR occurs when 
the patients underwent clinical progression to BD. BIS 
monitoring is a continuous, simple method that is easy 
to interpret. It can help in clinical evolution and the 
decision of the BD moment. 
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SYNONYMS 


* Donation after Cardiac Determination of Death 

(DCDD) 

* Non-heart-beating donors (NHBD) (more widely used 
terminology). 

The rapidly growing waiting lists with increased 
patient mortality while a waiting donor organ has 
prompted interest in the utilization of organs from non- 
heart-beating donors (NHBD). Prior to the introduction 
of brainstem death into law in the mid to late 1970s, all 
organ transplants from cadaveric donors came from 
NHBD. Before the advent of brain death guidelines, livers 
from donors whose hearts have stopped were the only 
source of allografts. The latest terminology is donation 
after cardiac death (DCD). Use of these livers is very 
selective and consideration was taken into the donor age, 
hemodynamic stability before withdrawal of support, 
total warm ischemic time and appearance of the liver 
intraoperatively. Warm ischemic time in NHBD is defined 
as the time between the cardiac arrest and cannulation 
and should be < 30 minutes. 


Ideal non-heart-beating donor liver 

* Age 15-55 years 

Time of cardiac arrest is known 

* CPR is established in < 15 mins of cardiac arrest 

* Cause of death known or can be diagnosed easily 
(exclude violence) 

* Healthy indivisual with no risk factors for AIDS 

e No penetrating /bleeding injuries in the abdomen 

* Transferred to hospital with cardiac message and 
mechanical ventillation 

* Time between the assistance and transfer is « 90 min 

* Liver should be harvested by super rapid technique 

* Cold ischemia time should be kept as minimum as 
possible 

* Warm ischemic time « 120 min 

e Controlled withdrawl of life support 

* Cold in situ perfusion occurring within 30 minutes 
of extubation 

* Possible to find next of kin in 4 hours 

* Other general criteria of organ donation also 
applicable 


After the brain death guidelines there was a sudden 
increase in the organs available for donation in USA and 
Europe. NHBD continued to be a possible source for skin, 


bone, corneas, and heart valves, but less likely to be 
considered for major organ transplant. In the mid-1990s, 
new attention focused on NHBD for two main reasons.!? 
First, organ transplantation had become an accepted 
mode of therapy for end-stage organ failure, increasing 
the need for organs. It was estimated at that time that 
by using NHBD the number of cadaveric organ donors 
could be increased by 20 to 25%.? The demand for livers, 
however, far surpasses the supply. In the United States 
in 2005, there were approximately 7000 donors for an 
average of 17 000 patients needing livers, and over 1000 
patients died on the liver transplant waiting list? The 
Situation in Europe is similar.* NHBDs are a good source 
of livers with reasonable early results. Livers arising from 
unexpected DCD have been traditionally considered 
marginal, and there is little worldwide experience in their 
use. By using strict criteria and systematically maintaining 
them with normothermic extracorporeal membrane 
oxygenation prior to recovery, they offer the possibility 
of obtaining good quality grafts for transplant.” To meet 
the organ shortage, use of marginal donors is currently 
of great interest. Donors after cardiac death (DCD) 
undergoa period of cardiac arrest prior to organ recovery. 

DCD have traditionally been subdivided according to 
the Maastricht criteria (1995; amended 2003).!° 


icht cla: n of NHBD 2003 


Criteria DE. aes 1 
1 Brought in dead 
n Unsuccessful resuscitation 
m Awaiting cardiac arrest 
iv Cardiac arrest after brainstem death 
M Cardiac arrest in a hospital inpatient 


Categories I, II and IV are termed uncontrolled and 
categories III and V are controlled. Most of the work that 
has been reported to date, however, involves controlled 
DCD!5:5 and only few series of patients transplanted with 
uncontrolled DCD livers have been published. 


Category I: Tissues can be taken from the donors 


Category II: These donors are the patients who have 
had a witnessed cardiac arrest outside 
hospital, have cardiopulmonary 
resuscitation by CPR-trained providers 
commenced within 10 minutes but who 
cannot be successfully resuscitated. 


Category III: These donors are patients in intensive care 
units with non-survivable injuries who 
have treatment withdrawn; where such 
patients wished in life to be organ donors, 
the transplant team can attend at the time 
of treatment withdrawal and retrieve 
organs after cardiac arrest has occurred. 


Category IV: Brain death is declared prior to an unantici- 
pated cardiac arrest. 


ETHICAL ISSUES 


In category II uncontrolled donors, the donor may die 
and the transplant team arrive before the donor's next- 
of-kin can be contacted. It is controversial whether 
cannulation and perfusion can be started in these 
circumstances. On one hand, it can be considered a 
violation of the potential donor's autonomy to cannulate 
before their in-life wishes are known. On the other hand, 
delay in cannulation may mean that a patient's strongly- 
held wish to be donor cannot be respected. Many ethicists 
also feel that a doctor's duty of care to the still living 
outweighs any duty of care to the dead. The compromise 
reached is usually to cannulate if there is any evidence 
of a wish to donate (such as a donor card or registration 
as a donor) even in the absence of next-of-kin. 

For category III donors, treatment is being withdrawn 
from a living person, who will then dies and become a 
donor. It is important that the decisions that injuries are 
non-survivable, continued treatment is futile and that 
withdrawal is in the patient's best interests be made 
completely independently of any consideration of 
suitability as an organ donor. Withdrawal of life- 
prolonging treatment in the face of a hopeless prognosis 
should be a standard part of patient care, irrespective of 
whether a patient can be a donor. Only after such 
decisions have been firmly made should a patient be 
considered as a potential organ donor. Although such 
treatment can be continued until the transplant team 
arrives, no additional treatment should be started to 
improve the organs—until the point of death, the patient 
should be treated exactly as any other dying patient. 


1997 Institute of medicine recommendation policy 
for NHBD procurement policy 
* Written, locally approved NHBD protocols 
* NHBD protocols open to public 
* Case-by-case decisions about the pre-mortem 
administration of medications 
* Family consent for pre-mortem cannulation 


* Conflict-of-interest safeguards 

* Determination of death (in controlled NHBDs) by 
cessation of cardiopulmonary function for at least 5 
minutes by ECG monitor and arterial pressure 
monitoring 

* Family options (e.g. attendance at life-support 
withdrawal) and financial protection 


PROCEDURE FOR HARVESTING DCD DONORS 


The time after cessation of ventilation to cardiac arrest 
is restricted so as not to exceed 60 minutes. After cardiac 
arrest, a 5-minute period is observed to ensure absence 
of cardiopulmonary activity. The donor is then transferred 
to the operating theater where a surgical team is waiting 
to perform organ procurement. After draping and a 
midline with sternotomy incision the infra-renal aorta is 
rapidly cannulated and the thoracic aorta clamped. Before 
the aortic flush with heparanized HTK/UW solution 
(10 L with 50,000 U of heparin), 10 mL bolus of 1.5 mega 
units of streptokinase is injected. Topical cooling with 
crushed ice is applied. Venting is done through the right 
ventricle. Liver is assessed before and after the perfusion 
to exclude organs showing patchy and nonhomogeneous 
areas. Otherwise, organs are retrieved in the typical 
manner. Portal vein perfusion and biliary duct irrigation 
are performed in situ. 

In 1997, first studies on the use of the recirculation of 
oxygenated blood at 37°C to improve the viability of 
porcine livers damaged by warm ischemia and 
normothermic extracorporeal membrane oxygenation 
(NECMO) could partially restore the cellular energy load 
lost during a period of cardiac arrest. When NECMO 
is compared with total body cooling after cardiac arrest, 
it has shown that NECMO is significantly superior in 
improving the histological lesion and posttransplant graft 
function.!5 The beneficial effects of NECMO were 
demonstrated to lie in its ability to turn the initial period 
of cardiac arrest into one of ischemic preconditioning.!* 
In 2002, Barcelona Hospital Clinic designed a clinical 
protocol to transplant livers arising from uncontrolled 
DCD by systematically maintaining them with NECMO 
prior to extraction. 

Cardiac arrest in a potential DCD typically occurs at 
an extrahospitalary site. Emergency medical physicians 
arrive at the scene and initiate advanced cardiopulmonary 
resuscitation (CPR), which is continued while the 
individual is brought by ambulance to the Hospital Clinic. 
Upon arrival, death is declared, demonstration of the 
unequivocal and irreversible absence of electrocardio- 
graphic activity and spontaneous breathing during a 
period of at least 5 min. 


ORGAN PRESERVATION 


Transplant coordinators are contacted when the potential 
DCD enters the hospital but remain uninvolved until 
death has been pronounced. Upon the death declaration, 
they initiate the steps of donor preparation. The DCD is 
immediately heparizined (3 mg/kg of body weight, IV); 
orotracheally intubated, if not already; subjected to 
external cardiac massage by means of a cardiocompressor. 
Rapid cannulation is performed for NECMO. Perfusion 
catheters are introduced into the femoral artery and vein 
in the groin area and connected to a cardiopulmonary 
bypass (CPB) machine. CPB is primed with 500 mL of 
1/6 M bicarbonate, 500 mL of 20% mannitol, 500 mL of 
lactated Ringer's, and 500 mL of a plasma volume 
expander. Mechanical ventilation and cardiac massage 
are terminated just before the inflation of a Fogarty 
balloon catheter, which is introduced via the contralateral 
femoral artery and positioned in the supraceliac aorta and 
serves to exclude the thoracic organs from the circuit. The 
catheter is inflated with a radio opaque contrast agent, 
and radiographic imaging is used to assure that it has 
been properly placed above the diaphragm. 

Serum transaminase levels and the gaseous, acid-base, 
and ionic compositions and temperature of the 
recirculating blood are monitored throughout NECMO 
(Figure 8.1). CPB pump flow is a significant determinant 
of DCD liver graft viability. To assure adequate flow 
in the hepatic artery as well as the entire splanchnic bed, 
the latter of which ultimately determines portal venous 
flow, CPB pump flow is maintained above 1.7 L/min. 
The pH is kept between 7.0 and 7.4 by continuous 
adjustments with 1 M bicarbonate. For anticoagulation, 


Figure 8.1: A patient on NECMO circuit 
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heparin is administered every 90 min during the course 
of NECMO, which is maintained while consent to 
donation is obtained, directly up until the moment of 
organ perfusion with the cold preservation solution. 

Normothermic extracorporeal membrane oxygenation 
(NECMO) circuit (Figure 8.1). Cannulae are placed in the 
femoral artery and vein in the groin region. A Fogarty 
balloon catheter, introduced through the contralateral 
femoral artery, is positioned in the abdominal or thoracic 
aorta, proximal to the origin of the celiac trunk. The heat 
exchanger maintains the blood at 37°C. 


DONOR EVALUATION 


The donor's family is contacted and consulted for 
information and their consent. Abdominal and femoral 
vasculature is not affected by pathology or trauma that 
might limit the ability to run NECMO. About 30-40% 
DCD livers are usually not suitable due to macroscopic 
hepatic steatosis. In donors whose initial hepatic 
transaminases are high, four-to-five times the upper limit 
of normal are usually unsuitable due to irreparable 
hepatic injury. Donors with initial transaminases that is 
close to normal, less than three times the upper limit, are 
suitable for donation. 


ORGAN EVALUATION 


At organ recovery, the hepatic artery is perfused via the 
femoral artery cannula, and it is only necessary to perform 
additional venous cannulation to perfuse the portal vein. 
The presence of the Fogarty catheter in the supraceliac 
aorta eliminates the need to clamp it. Intraoperative 
evaluation is key to determine whether a DCD liver graft 
can be used. Ideal liver should have adequate consistency, 
no congested or poor perfusion and mild-to- -moderate 
steatosis. The common bile duct is sectioned prior to 
perfusion with the preservation solution to judge its grade 
of vascularization and clarify doubts regarding its 
viability. A rapid-flush technique is used to perfuse the 
liver and all of the abdominal organs with cold (UW)/ 
HTK solution which will wash out the liver in a uniform 
manner, without any patchiness during exsanguinations. 


RECIPIENT OPERATION 

The technique in the recipient is similar to mentioned in 
the recipient operation chapter. Normothermic machine 
preservation (NMP) has the potential to maintain and 
perhaps even improve the quality of unexpected. DCD 
livers and expand their transplant use? especially 
those discarded on the basis of steatosis, which are more 
susceptible to the damaging effects of cold ischemia. 


Disadvantages of DCD donors^*12252* 
* Primary nonfunction is more but acceptible (PNF) 
* Hepatic artery thrombosis (HAT) 
* Ischemic cholangiopathy leading to diffuse nonanas- 
tomotic biliary strictures 
* Graftsurvivalis inferior as compared to heart-beating 
donors 


Otero 25% 55% 80% 
Fukumori > 55 years 0% 75% 80% 
< 55 years 0% 70% 70% 
Foley 5.5% 56% 68% 
Quintela 10% 90% 90% 
Muiesan 3.7% 86.5% 89.6% 
Monbaliu 0% 68.75% 1.25% 


Early experience with NHBDs was associated with 
unsatisfactory patient and graft survival; particularly for 
the uncontrolled NHBD group.!! Graft loss was mainly 
attributed to primary nonfunction and vascular 
complications.?? Introduction of mechanical chest and 
abdominal compression, cardiopulmonary bypass, and 
extra-corporeal membrane oxygenation may contribute 
to improvement of the outcome of uncontrolled NHBDs. 


ISCHEMIC CHOLANGIOPATHY 


Biliary ducts seem to be more sensitive to ischemia than 
hepatocytes. In animal models of NHBD, irreversible 
biliary tract damage has been observed after 40 minutes 
of warm ischemia, despite preservation of hepatocellular 
function." To avoid late biliary complications, especially 
ischemic cholangiopathy, caution is urged with the use 
of organs according to strict donor and ischemic time 
criteria. 


PNF RATE RANGES 


PNF rate ranges from 0-25%.?>? Earlier studies reported 
higher rates of PNF. But recent data shows the rate of 
PNF is 0 to 1096257? This is an acceptable percentage when 
the donor pool can be increased by > 20% at the cost of 
low rates of PNF. With the introduction of NECMO and 
NMP (Normothermic machine preservation) the future 
result could be much better. 


HA THROMBOSIS AND SURVIVAL RATES 


In controlled NHBD liver transplantation D'Alessandro 
et al?? reported similar vascular and biliary complications 


following transplantation of cadaveric allografts; 
however, the rate of primary nonfunction was 
significantly higher (10.5% vs. 1.3%) in NHBD livers. In 
addition, no difference in patient's survival was found, 
but higher incidence of graft loss in NHBD livers (53.8% 
vs. 80.9%) was observed.?? Foley et al% reported a 16.6% 
incidence of hepatic artery thrombosis and 13.8% 
incidence of biliary stricture. 

Rela et al?! reported that the results of controlled 
NHBDs are now improving and with increased 
experience are approaching those of heart-beating donors. 
It has been demonstrated that liver allografts from 
NHBDs present less intragraft inflammatory events? 
probably in relation to the absence of brainstem death, 
which potentially renders them less immunogenic, with 
potentially fewer episodes of rejection and longer graft 
survival. Important issues like prolonged period of warm 
ischemia (WI) in NHBD livers, which contributes to 
increased cell death and reduced organ viability should 
be taken into consideration. Thus it is understandable that 
when WI exceeds 30 minutes, there may be an increased 
risk of graft failure. In addition, the extended WI renders 
livers more vulnerable to further damage from cold 
ischemia and it is therefore imperative that cold ischemia 
should minimized. Organs from older donors are more 
susceptible to the warm and cold ischemia and when 
donor age is > 40 years also appears to increase the risk 
of graft failure. Proper selection of the donor is important 
to achieve good results. 
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MARGINAL DONORS 


The discrepancy between the donor pool and number of 
patients on waiting list led to use of split liver and use 
of marginal grafts. To expand the donor pool, the so-called 
“marginal graft" has been increasingly used in DDLT.! 
Presence of steatosis, elevated liver function tests, 
arteriosclerosis, hemodynamic status before harvesting, 
reduce capacity for the functional recovery of the allograft 
and its regeneration. 


Characteristics of a marginal donors^*:2 

* Donor age > 65 years 

* Obesity (BMI » 27) 

* Moderate-to-severe macrovesicular steatosis 

* Prolonged cold ischemic time » 12 hr 

* High dose of inotropic drug use 

* History of alcoholism/Drug abuse 

* HBsAg+ve/HBcAb+ve/HCV+ve 

* Hemodynamically unstable 
(prolonged hypotension, SBP « 60 mm Hg » 2 hr in 
last 12 hr) 

e Hypernatremia (Na >160 mEq/L >12 hours in the last 
24 hours) 

* PT « 40% 

* Prolonged ICU stay (5-10 days) 

* Cirrhotic liver 

* Presence of Infection (Bacterial/Viral) 

* Elevated LFT, Serum bilirubin » 2 mg/dl and high 
levels of ALT, AST (» 3-4 times) 

* Extrahepatic neoplasia or previous h/o carcinoma 

* Cardiac arrest 

* Imported graft 

* DCD (Donation after cardiac death) 

* Split liver 

* Cause of death—Trauma, Stroke 


Many centers that set the upper limit of donor age at 
55 or 60 years for donor safety are reluctant to use older 
donors.*? Gastraca et al reported good results are 
obtained using donors aged over 70 years if good donor 
selection is performed like steatosis « 10%, short cold 
ischemia time, normal or mild elevation of AST, LDH, 
less hypotensive episodes and a low transfusion rate.!! 


DONORS » 80 YEARS 


Old donor age is not an absolute contraindication to OLT. 
Liver grafts from donors » 80 years can be used knowing 
that there is a high-risk of postoperative complications. 
Furthermore, the increased risk of developing severe HCV 
recurrence, related to older donor age, suggests that such 
livers should be used in HCV negative recipients. 


DONOR RISK INDEX 


Donor risk assessment plays an important role in 
predicting the graft survival in DDLT. Each and every 
organ of each and every deceased donor is thoroughly 
evaluated by organ procurement organizations and 
transplant physicians. Analyses that define the effect of 
specific donor characteristics on the risk of post-transplant 
graft failure are important. Feng et al’? reported in his 
study that donor characteristics identified as significantly 
associated with liver allograft failure. These included 
three donor demographic characteristics (age, race and 
height), three relating to cause and type of donor death 
(Cause of death: Cerebrovascular accident or others and 
DCD donors), split/partial graft, cold ischemic time and 
location (local/regional/national) share was also found 
to be statistically significant. Donor age » 60 years was 
the strongest risk factor for graft failure. Quality of the 
donor organ is such an important component of the 


decision which decides whether to accept or to reject the 
organ for donation basing on the risk status. The study 
of Feng et al. provides an important quantitative 
assessment of relative risk for every potential graft, given 
the characteristics of the intended recipient, based upon 
donor and graft characteristics available at the time the 
organ is offered. 


CALCULATION OF DONOR RISK INDEX (DRI)'? 
Exp [(0.154 if 40 « age « 50) + (0.274 if 50 « age « 60) 
+ (0.424 if 60 < age « 70) + (0.501 if 70 < age) + (0.079 
if COD = anoxia) + (0.145 if COD = CVA) + (0.184 if COD 
= other) + (0.176 if race = African American) + (0.126 if 
race = other) + (0.411 if DCD) + (0.422 if partial/split) 
+ (0.066 ((170 ~ height)/10)) + (0.105 if regional share) 
+ (0.244 if national share) + (0.010 cold time)]. 
(DCD: Donation after cardiac death; CVA: 
Cerebrovascular accident; COD: Cause of death) 

Feng et al? demonstrated that the use of organs with 
a DRI greater than 2.0, resulted in a reduction in 3-year 
graft survival of 20% (> 80% for DRI < 1.0 to 60% for DRI 
> 2.0). The DRI is a continuous measure that reflects the 
risk of graft failure (including death); a higher DRI is 
associated with a greater risk of graft failure. 


SURVIVAL RATES ACCORDING TO DONOR RISK 
INDEX^ 


Donor risk index Survival (%) 
lyr 3 yr 
«10 87.6 812 
1.01.5 79.7:85.0 71.178.7 
1.52 75.8°79.9 65.6°70.6 


Schaubebla et al also reported that donor age is one 
of the strongest risk factor for graft failure. Other strong 
risk factors include donation after cardiac death (DCD) 
and use of a partial or split liver.?? In USA, over the past 
decade, the number of LTXs performed using allografts 
from donors older than 65 years has doubled (5 to 9.8%) 
and the use of organs from donors after cardiac death 
(DCD) is 10-fold higher (0.3 to 4.0%).!* In Europe, 
deceased donors over 60 years have increased from less 
than 5% in the early 1990s to approximately 20% in the 
2002 European Liver Transplantation Registry (ELTR).!> 
Marginal organs can be successfully used in the proper 
patient; they are at higher risk of graft dysfunction, graft 
failure and potentially decreased patient survival./517 

Following the implementation of the MELD system 
of organ allocation, the number of recipients witha MELD 
score > 30 has increased from 10 to 14%.'* By transplanting 
patients most likely to die without a transplant, the MELD 
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system has been very successful in achieving the goal of 
lowering wait-list mortality. Mateo et al recently reported 
that in low-risk patients , use of low-risk DCD livers 
in which the cold ischemic time was less than 10 hours 
and warm ischemic time is less than 30 min, resulted in 
equivalent graft and patient survival rates to standard 
livers.!° In LDLT, use of older live donors may also have 
an impact on graft outcomes.” Liver graft function from 
older donors is equal to that of younger donors, although 
their regeneration capacity was impaired.? The 
susceptibility of aged liver grafts to ischemic injury during 
cold preservation, which has been highlighted in DDLT,'? 
probably, has little impact on graft outcomes in LDLT.?! 
Aged donors have been related to a more rapid, 
aggressive HCV graft recurrence? Use of a marginal 
donor is a usual practice, with the intention of expanding 
the pool of deceased donors. However, such a liver is at 
substantial risk for primary dysfunction or even for 
primary nonfunction. 


ORGAN PATIENT INDEX (OPI)? 


Avolio et al reported the OPI, which predicts the outcome 
better than DRI, increasing the gap in the long-term graft 
survival between the low- and the high-risk class. The 
inclusion of the MELD in the new index allowed better 
prediction of graft survival. DRIand MELD were included 
in a new index, namely the organ patient index (OPI), 
as follows: 

OPI = Exp[(0.154 if 40 < age « 50) + (0.274 if 50 « age 
« 60) + (0.424 if 60 < age < 70) + (0.501 if 70 < age) + 
(0.079 if brain anoxia) + (0.145 if brain vascular accident) 
+ (0.184 if other cause of brain death) + (0.176 if race = 
African American) + (0.126 if race = other) + (0.411 if 
cardiac death) + (0.422 if partial/split) + (0.066 (170 * 
height) /10) + (0.105 if regional share) + (0.244 if national 
share) + (0.010 CIT) + (0.020 MELD)]. 
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The supply of liver allografts from deceased donors is 
far short of the number of potential recipients, a reality 
that has spurred the development of living donor liver 
transplantation. LDLT has become a viable alternative, 
particularly in countries where brain death law is missing 
or insufficient or less number of brain dead patients are 
available. The most common way of meeting the need 
for LDLT in adults is to use the right liver from a living 
donor as the graft. Although this procedure has 
widened the availability of adult LDLT, there is no doubt 
that right hepatic lobectomy can be a serious burden for 
the donor. This point of view is supported by reports of 
hyperbilirubinemia in some right lobe donors*?^ and 
donor deaths. 

LDLT has not been performed as frequently in the west 
as anticipated and as compared to Asia. Donor mortality 
is a concern in LDLT. So far, 28 cases of documented donor 
death have been reported worldwide (till 2007). The 
expansion of LDLT was hampered by the issues of 
morbidity and mortality in living donors undergoing 
right lobectomy. Living related transplantation is mostly 
popular in Asian countries like Japan, Hong Kong, China, 
Taiwan and Korea with better graft and patient survival 
results than other countries. In eastern counties, religious 
beliefs and peoples reluctant attitude towards deceased 
organ donation has led to a revolution in living related 
liver transplantation unlike the USA and Europe where 
DDLT is well organized. Pioneers of LDLT like Tanaka 
K, Makuuchi M, and Fan ST developed more refined and 
safe techniques for LDLT. Right lobe graft was introduced 
by the Kyoto Team in 19947 and the procedure was 
applied to adult-to-adult LDLT by the Hong Kong Team 
in 1996.8 


SURGICAL TECHNIQUES OF RIGHT 
LOBE DONOR HEPATECTOMY 


Right lobe graft involves harvesting segments V,VI,VII 
and VIII. After complete donor evaluation and selection, 
patient is taken to operation theater. Care is taken in the 
operation theatre to prevent wound sepsis, pressure sores 
and deep vein thrombosis. Position of the donor for RLG 
is supine with abducted upper limbs. Maintenance of 
body temperature is by warming devices applied to lower 
limbs and intravenous fluid warmer to increase the 
temperature of fluids given intraoperatively. Routinely 
central line, arterial line catheters are inserted. Blood 
components such as PRBC, Fresh frozen plasma, platelets 
and cryoprecipitate are preserved preoperatively in 
sufficient quantity to meet the bleeding demands in case 
of bleeding. Prophylactic antibiotics, H2 receptor 
antibiotics are given at the time of induction. Dose of 
antibiotics may be repeated if the surgery is prolonged. 
CVP should be kept very low to avoid bleeding. 
Intraoperative IV fluids should be given as minimum as 
possible to maintain low CVP. Abdomen is opened by 
bilateral subcostal incision with midline vertical 
extension. Other commonly used incisions are reverse L- 
shaped incision, J-incision and J-incision with thoracic 
extension. Gallbladder is dissected from liver bed and 
before cholecystectomy; a cannula (Figure 10.1) is inserted 
into the cystic duct and clamped with atraumatic vascular 
clamp, followed by intraoperative cholangiography (IOC) 
using undiluted radiographic contrast and an image 
intensifier. IOC is routinely performed before 
parenchymal transection, before transection of bile duct 
and after transection of the bile duct to determine the 
anatomy of the bile ducts and to determine the correct 


Figure 10.1: 6 Fr. intraoperative cholangiogram (IOC) catheter with 
an inflatable balloon at the tip for distal bile duct occlusion 


Figure 10.2: IOC before parenchymal transection 


point for bile duct transection (Figures 10.2 to 10.4). Right 
hepatic duct dissection is not dissected until the liver is 
completely transected, because dissection for the right 
hepatic duct before parenchymal transection could be 
difficult and may predispose to thinning and 
devascularization of the wall of the duct. A marker stitch 
with 6-0 prolene or a ligaclip is applied at the proposed 
level of transection of RHD at a later stage. 
Intraoperative ultrasonography was then performed 
to determine’ the course and location of MHV and its 
branches to segment V and VIII are marked with a 


Donor Surgery 


Figure 10.3: IOC with a radioopaque loop around right hepatic 
duct (IOC taken before transection of bile duct) 


Figure 10.4: IOC after transection and closure of right hepatic 
duct (right lobe graft) 


diathermy, which will guide the plane of transection at 
a later stage of hepatectomy. Because the MHV could be 
seen by the ultrasound probe placed on the liver surface 
at various angles, a correct plane of MHV should be where 
the MHV could be seen longitudinally, together with the 
inferior vena cava. Confirm the junction of the MHV and 
LHV.™ Hilar dissection is performed to isolate and 
encircle right hepatic artery and right portal vein (Figure 
10.5). Presence of arterial supply to segment IV originating 
from RHA may be noticed in advance by preoperative 
imaging and care is taken to preserve it to prevent 


ischemia to segment IV. Branches of the right portal vein 
supplying the caudate process were ligated and divided. 

The right lobe of the liver was mobilized by dividing 
the falciform ligament, right triangular ligament, retro 
hepatic veins, small hepatic veins draining the right 
caudate lobe into the inferior vena cava.’ During 
mobilization right lobe is completely retracted towards 
leftsideby the assistant. Presence of inferior right hepatic 
vein (IRHV) and middle right hepatic vein (MRHV) 
should be confirmed while mobilizing the right lobe. The 
IRHVand MRHVs are preserved for outflow 
reconstruction in the recipient, if they are more than 5 
mm in size. Care is taken to avoid bleeding from injured 
adrenal vein during dissection of liver around the area 
of adrenal gland. The inferior vena cava ligament 
(Makuuchi ligament/Hepatocaval ligament) or a layer 
of liver tissue covering the right side of the inferior vena 
cava close to the RHV is divided to encircle the right 
hepatic vein. 

The rotation of the right lobe of the liver should be 
intermittent to prevent prolonged twisting of the inflow 
and outflow vascular pedicles of the liver which may 
cause intraoperative hypotension.* Temporary clamping 
of RHA and RPV for a short time delineates the line of 
transection of right lobe by an appearance of color change, 
which is marked with a diathermy on the liver surface 
(Figure 10.9). Parenchymal transection is performed by 
using CUSA (amplitude 40-70%, irrigation about 5 ml/ 
min and suction power 10-30%) and bipolar diathermy 
(Figures 10.6, 10.9 and 10.10), in a plane marked by 
intraoperative ultrasonography and temporary clamping 
of RHA and RPV, without any inflow or outflow vascular 
occlusion to avoid exposure to warm ischemia and graft 
injury (Figures 10.7 and 10.8). At the inferior surface of 
the liver, the transection plane approached from the 
gallbladder fossa towards the hilum of liver and 
dissection of the junction of the right and left hepatic ducts 
is done, butcare is taken to avoid complete skeletonisation 
of the wall of the hepatic duct with the CUSA to avoid 
biliary complications due to ischemia. The liver 
parenchyma cranial to the right hepatic duct was cleared 
by the CUSA down to the caudate process. 

The right hepatic duct along with the hilar plate is 
encircled by passing a right-angled clamp at the level of 
the caudate process. Hilar plate is divided by scissors 
without ligation of any tissue to expose the right hepatic 
duct opening, which may represent an anomalous right 
hepatic duct or right caudate lobe branches missed by 
the operative cholangiogram.!! Minimal dissection of 
pericholedochal tissue is required at this point, and the 
hepatic ducts are separated with scissors. Care is taken 
to avoid skeletonization of the bile duct, which leads to 
increased rate of biliary complications in the recipient after 
transplantation due to ischemia. The anterior wall of the 
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Figure 10.5: Vein retractors used during hilar dissection during 
transplantation surgery 


Figure 10.6: CUSA: Showing the adjustment of amplitude, 
irrigation, suction and tissue select modes 


Figure 10.7: Different vascular (Bulldog) clamps 
used in transplantation 


right hepatic duct is covered with hilar parenchymal 
tissue. Since this often makes it difficult to identify the 
proximal area of the right hepatic ducts from the surface 
at the front. Dissection of connective tissue between the 
right hepatic duct and right hepatic artery is continued. 
After identification of the posterior wall of the right 
hepatic duct and the anatomy of the bifurcation, the right 
hepatic duct is cut 2 or 3 mm away from the bifurcation. 
The defect on the common hepatic duct is closed 
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the right lateral side to the MHV. Segment V and VIII 
(V5 and V8) branches from MHV are dissected carefully 
and preserved if they are more than 5 mm in size, for 
further reconstruction by vascular grafts (Figure 10.11). 
MHV is preferable left with the donor left lobe in view 
of the donor safety. Bleeding points and bile leaks from 
cut surface of liver parenchymal on both donor side and 
allograft side are carefully ligated. If the distal end of 
MHV is cut during parenchymal transection, is carefully 
sutured with 6-0 prolene. Intraoperative blood flow in 
hepatic artery and portal vein is measured by a flow 
meter, before harvesting liver graft. The harvesting 
procedure is completed by clamping and dividing the 
right hepatic artery, right portal vein and right hepatic 
vein (Figure 10.12). Right hepatic artery is double ligated 


Figure 10.8: Caliper for measuring the size of the blood 
vessels and bile ducts during liver transplantation 


Figure 10.11: V5 (long arrow) and V8 (short arrow) during 
transection of liver parenchyma in right lobe graft 


Figure 10.10: Parenchyma transection with the use of CUSA 
and bipolar diathermy forceps 


horizontally with 5-0 or 6-0 PDS (monofilament 
absorbable) sutures.!? 
Liver transection was then continued down to the 
posterior surface of the right caudate lobe and towards Figure 10.12: Hepatic artery (red loop), portal vein and hepatic 
vein (blue loops) after complete parenchymal transection 


on the donor side and cut. All these major vessels are 
divided in such a fashion that sufficient tissue of the 
vessels is left on both donor and graft side for future 
closure and anastomosis. Technical difficulties in while 
harvesting the right lobe graft are encountered in case 
of presence of trifurcation of portal vein, multiple hepatic 
arterial branches and bile duct anomalies. Liver graft is 
harvested and 14 Fr. polyvinyl chloride cannula is 
inserted into RPV and ligated with a purse sting suture 
around the cannula (Figure 10.14). Graft weight is checked 
with a weighing machine (Figure 10.13). 

The PV cannula (Figures 10.23 and 10.24) is connected 
to cold UW/HTK solution. At the back table, the graft 
is immersed in ice sludge and flushed with 1 liter of UW 
(University of Wisconsin) or HTK (Histidine tryptophan 
ketoglutarate) solution through the right portal vein 
cannula. If V5 and V8 branches are ligated and marked 
during the parenchymal dissection, these sutures are 
opened immediately after the graft is harvested and check 
for adequate drainage of UW/HTK solution. Hepatic 
artery and bile duct are flushed with HTK/UW solution. 
But in our center we don’t flush the hepatic artery with 
UW/HTK solution to avoid intimal injury. Diluted 
methylene blue may be injected into the biliary tree to 
check any bile leak from the cut surface of liver. However, 
it is not a routine practice in all centers. 


DONOR RESIDUAL LIVER AFTER HARVESTING 
RIGHT LOBE 

The cut ends of right portal vein, right hepatic vein, 
inferior right hepatic vein (IRHV) and middle right 


Figure 10.13: Weighing machine for measuring graft weight 
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Figure 10.14: Right lobe after harvesting, with area of 
congestion in the anterior segments V and VIII 


hepatic vein (MRHV- if present) are closed with 6-0 
prolene sutures (Figures 10.15 and 10.16). The cut surface 
of donor liver is covered with fibrin glue. Few centers 
use greater omentum to cover the cut surface of donor 
liver. The falciform ligament in the donor is reconstructed 
to prevent the remnant donor liver (Figures 10.17 and 
10.18) from rotating into the right subphrenic space.'> 
Drain placement in donor hepatectomy varies from center 
to center and many centers at present routinely do not 
use drain as it increases the chance of infection.'+ Before 
wound closure, care is taken to ensure that the small 
bowel had not migrated into the right subphrenic space 
(Figure 10.19). After surgery, parenteral nutrition support 
consisting of branched-chain amino acid-enriched 
solution (BCAA), medium-chain triglycerides (MCT), low 
dose dextrose solution and vitamins administered for 2- 
3 days to enhance regeneration of the liver remnant.^ 


SELECTIVE INFLOW OCCLUSION OF DONOR 
HEPATECTOMY IN LDLT 


How it is different from Pringles maneuver? 

Tokyo group (Makuuchi et al) recommended an 
intermittent selective inflow occlusion technique for donor 
hepatectomy in LDLT without any serious consequences 
(Figure 10.20). In right hemilivers (A) or right lateral sector 
grafts (B), the right portal vein and arterial branches to 
the right paramedian sector(segment V and VIII) are 
occluded so that right paramedian sector become totally 
ischemic, while the right lateral sector (segment VI and 


Figure 10.15: Donor RHV (long arrow) and RPV (short arrow) 
after harvesting right lobe graft with a remnant left lobe 


Figure 10.16: LDLT- Right lobe LDLT; RHV (white long arrow), 
RPV (white short arrow) and IRHV (black arrow) 


VII) is perfused by arterial flow. In left lateral segment 
(C) or extended left lateral segment (D), selective occlusion 
of LPV and MHA (if present). This technique causes 
complete ischemia of segment IV, where as segment II 
and III are fed by arterial flow during transection. During 
harvesting whole left hemiliver grafts (E), transection is 
continued after selective occlusion of RHA and RPV.!* 


The argument in favor of selective occlusion: 
It will not lead to splanchnic congestion and ischemic 
injury as visceral affluent is maintained during inflow 
occlusion via unoccluded part of liver. 


Figure 10.18: Reconstruction of falciform ligament after donor 
hepatectomy. Cut surface of the liver is covered with surgicel 


In cases B, C, D and E (as mentioned above in the 
brackets), parerichymal transection is carried out 
within completely ischemic part of liver but the hepatic 
segments in the graft are perfused by the arterial flow 
during occlusion. Only in a, part of the graft is exposed 
to temporary intermittent ischemia.!^ 


ONSTRUCTION 


Dissection techniques of Tokyo group are different from 
other centers. They preserve V5 and V8 till complete 


Figure 10.19: Incision for right lobe donor hepatectomy. Wound 
closed with sutures with a Jackson-Pratt drain (arrow) 


Left hemiliver 
graft graft 


LLS/Extd. LLS Right hemiliver/ 


right lateral sector 
graft 


Selective vascular control 


Figure 10.20: Donor hepatectomy (Makuuchi et al)—Selective 

vascular occlusion of donor liver. Blue arrow shows completely 

ischemic area of the liver, while the black arrow shows the portion 

with intact arterial supply. (Modified and redrawn with permission 

of H Imamuray'* 

1. Left lateral segment or extended left lateral segment graft 
The middle hepatic artery and left portal vein are occluded; 

2. Left hemiliver graft. The right portal vein and the right hepatic 
artery are occluded. 

3. Right hemiliver or right lateral sector graft. The right portal vein 
and right paramedian arterial branch are occluded. 


parenchymal transection and put bulldog clamps for 
temporary occlusion of V5 and V8 and mark the area of 
congestion on segment V and VIII on the graft side (Figures 
10.14 and 10.22). The volumes of the V5 and V8 zones 
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Figure 10.21: V5 (long arrow) and V8 (short arrow) 
reconstruction with a cryopreserved vascular graft 
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Figure 10.22: Area of congestion (arrow) in right lobe graft in 
absence of V5 and V8 reconstruction 


are reconstructed using the 3-D CT and are compared 
with coincidence of congested area marked intraopera- 
tively. According to the volumetric assessment of veno- 
ve area on the graft side, venous reconstruction 


is performed so that the volume of the right hepatic graft 
without the congestive region was in excess of 40% of 
the recipient's SLV. 


KYOTO GROUP 


Tanaka etal” designed algorithm for harvesting the right 
lobe with or without MHV depending on the based on 
CT angiography evaluation of dominant MHV/RHV and 
residual liver volume in the left lobe. 


In donors with dominant right hepatic vein 
(Less than 40% of the right lobe graft drains into the 
MHV) 

1. Patients with GRWR >1%: RLG is harvested without 
MHV 

2 Patients with GRWR <1%: Remnant left lobe > 35%, 
RLG is harvested with MHV. 


In donors with dominant middle hepatic vein 
(More than 40% of the right lobe graft drains into the 
MHV) 

1. Patients with GRWR >1% and remnant left lobe >35%: 
RLG is harvested with MHV 

2. Patients with GRWR <1%: Remnant left lobe > 35%, 
RLG is harvested with MHV. 


In donors with left lobe <35%, acceptance of the donor 
depends on the age and degree of steatosis. 


Figure 10.23: Right lobe graft in trifurcation of the portal vein. Anterior 
and posterior branches of RPV are separate (black arrows) and 
are reconstructed separately in the recipient with right and left 
branches of the portal vein. Cryopreserved vascular graft used for 
reconstruction of V5 
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HONG KONG GROUP 


Fan et al! preserved the MHV along with the right lobe 
graft without increasing the donor morbidity. In his 
technique he marked a plane at which MHV can be seen 
longitudinally in line with cranial part of retrohepatic IVC 
during intraoperative ultrasonography." Course of MHV 
is marked with diathermy. Liver transection is guided 
by MHV rather than a tape. MHV is exposed all the way 
up to thejunction of LHV. Segment Vb hepatic vein joining 
the MHV is preserved to maintain the venous drainage 
to segment IVb. In case of large segment IVb hepatic vein 
joining high above MHV/LHV/IVC, it is dealt by 
venoplasty and modification of anastomosis or by venous 
grafts (LPV graft/cryopreserved grafts). 


TAIWAN GROUP 
Chen et al?” addressed the MHV controversy and 
developed an algorithm for right lobe graft (RLG) 
1. If the GRWR is >1%: RLG is harvested without MHV 
2. If the GRWR is <1%: 
a. RLRSLV(right lobe-to-recipient standard liver 
volume) <50%: RLG is harvested with MHV. 
b. RLRSLV >50% 
i. Prominent RHV; V5 and V8 <5 mm: RLG without 
MHV 
ii. Multiple and small RHV / Dominant MHV: RLG 
with MHV 


Figure 10.24: RHV (long arrow) and IRHV (short arrow) in a RLG 
with V8 reconstruction, V5 branch is small and is ligated. Portal 
vein cannula shown by black arrow 


This graft is used in pediatric patients. Left lateral segment 
graft includes harvesting segments II and III, without 
caudate lobe (segment I). Donor preparation and position 
are same as described in donor hepatectomy for left lobe 
graft. Approach is by bilateral subcostal incision with 
midline vertical extension or midline incision extending 
from xiphisternum to 1 inch below the umbilicus. 
Cholecystectomy is not routinely performed. However 
some centers perform cholecystectomy for 2 reasons. One 
reason to perform cholecystectomy is that it facilitates to 
perform operative cholangiogram and the other is 
denervation of gallbladder during surgery, aggravates the 
gallstone formation. Procedure for intraoperative 
cholangiogram is mentioned earlier (Figures 10.27 and 
10.28). Hilar dissection is performed to isolate LHA and 
LPV till the bifurcation and encircle both structures with 
a loop. 

During dissection of LHD, a marker stitch with 6-0 
prolene or a ligaclip is applied at the proposed level of 
transection. Occasionally right anterior or posterior 
sectorial ducts join the LHD. More commonly the right 
posterior one, if present precaution should be taken to 
preserve them." Junction of segment IV duct with biliary 
tract is variable and may join LHD, umbilical fissure or 
confluence of both ducts, and should be protected.’ Hilar 
dissection is continued to isolate LHA and LPV and are 
encircled. Caudate branches from LPV are divided and 
ligated to obtain sufficient length of LPV for implantation. 


Check for aberrant LHA from LGA in gastrohepatic 
ligament (Figures 10.26 and 10.27), if present, maximum 
length of the vessel is preserved. Then the left lateral 
segment is lifted medially and ductus venosum is 
dissected and divided. Line of parenchymal transection 
is slightly towards the right of falciform ligament and is 
marked on the liver surface with a diathermy. Liver 
transection is performed with CUSA without inflow 
control to avoid warm ischemia (Figure 10.29). Near the 
umbilical fissure, the line of transection is deviated to right 
in order to avoid damage to segment II and III pedicles. 

Segment IV pedicles are encountered during 
transection are individually ligated and divided. 
Occasionally segment IV duct joins the LHD near the 
confluence. These variations should be kept in mind 
during dissection. If the transection is made very close 
to the umbilical fissure, segment II and III ducts may be 
injured. When LHD is reached, itis partially opened with 
scissors (previously marked by cholangiogram) and probe 
is passed proximally and distally into the LHD to confirm 
safety of confluence of the RHD and LHD. Then LHD 
is divided completely with scissors (Figure 10.32) and 
opening of CHD is closed with 6-0 PDS sutures. Minor 
caudate lobe bile ducts if present are ligated and divided 
to prevent bile leak. Transection is continued towards 
cranial end till MHV and LHV junction. Segment IV 
hepatic vein draining the LHV is ligated and divided. 


Figure 10.25: Left hepatic artery originating 
from left gastric artery 


Figure 10.26: LHA after complete dissection from left gastric artery 
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Figure 10.27: CBD cannulation for cholangiogram in a donor 
with a narrow cystic duct 


igure 10.28: CBD cannulation for cholangiogram. Bile flow in 
the cholangiogram catheter 


Figure 10.29: Parenchymal transection 


During the deep dissection of parenchyma, MHV is 
visible and care is taken not to injure it and dissection 
is followed along the MHV to reach the confluence of LHV 
or IVC. Dissection plane is turned more horizontally 
towards the ductus venosum. Lateral segment graft 
(Figure 10.33) is harvested by double ligation of LHA on 
donor side and clamping of LPV and LHV (Figures 10.30 
and 10.31). Then divide all the structures. Care is taken 
to preserve long LPV. All the vessels on donor side are 
closed with 6-0 prolene. Methylene blue test is optional 
to check for bile leak. Graft is flushed with UW/HTK 
solution 500-1000 ml through left portal vein cannulation 
(Figure 10.33). Some centers flush the bile duct and artery 
with HTK solution. But the probability of intimal damage 
of hepatic artery must be kept in mind while flushing 
the hepatic artery. Abdomen is closed in layers after 
hemostasis. 


Figure 10.30: Left portal vein (black arrow), left lateral 
segment (white arrow) and bile duct (long black arrow) 


Figure 10.31: Left hepatic vein (black arrow) 
left portal vein (white arrow) 


Figure 10.32: Transection of bile duct in a lateral segment 
graft (black arrow) 


RIGHT POST 


RIGHT LATERAL SECT! 


Figure 10.33: Left lateral segment graft (Segment II and III). 
Cannulation of left portal vein (black arrow) 


R GRAFT 


Right lateral sector grafts were used in Japan. Right 
posterior segment graft includes segment VI and VII of 
liver. These grafts are harvested less frequently due to 
the technical difficulties. It is indicated when the left lobe 
graft along with caudate lobe is too small to use in the 
recipient and <30% of standard liver volume. It is 
indicated when donor right liver is >70% of total donor 
liver volume, thus precluding full right lobe donation and 
is greater than that of left lobe along with caudate lobe. 
It is also indicated when posterior segment is >40% of 
recipient's standard liver volume.” 


Advantages 
* Risk of graft rotation is very less 
* Easy positioning 
* Complete venous drainage. 


Disadvantages?? 

* Intrahepatic branching of relevant portal vein, hepatic 
artery and bile duct make it technically difficult to 
harvest 

* Anatomical variation of biliary and venous systems 

* More biliary complications 

* Increased bleeding during parenchymal transection. 


Sugawara et al reported that there is an increased 
biliary complication rate and increased blood loss in 
harvesting these grafts.™ Few results of these grafts are 
reported from Japan and Korea, where the deceased 
donors are not easily available. Surgical techniques are 
similar to right lobe graft regarding right lobe 
mobilization, intraoperative ultrasonography except that 
hilar dissection involves isolation of posterior branches 
of RHD, RPV and RHA. Temporary short time clamping 
of posterior branches of RHA and RPV will delineate the 
line of demarcation and parenchymal transection is 
carried as mentioned earlier without inflow control. 


(D) LEFT LOB 


In LDLT, left lobe graft is an important option provided 
that the benefit to the recipient is balanced against the 
safety of the donor.?* Left lobe graft can maintain good 
viability and regeneration after adult to adult LDLT.” 
Minimizing the risk to the donor, left lobe LDLT could 
bean ideal option in adult to adult LDLT. In the Western 
world, the concept of left-lobe graft donation for adult 
recipients has been almost abandoned, without sufficient 
data having been accumulated. In 1993, first successful 
left lobe LDLT was performed in Japan.” The patient was 
53 years old female patient with primary biliary cirrhosis 
was successfully treated by a left lobe of her son's liver 
as a graft. Volumetric analysis demonstrated rapid 
enlargement of the graft from 402 to 1141 ml as early as 
2 weeks after the operation.” 

Left lobe grafts are frequently too small for adult 
recipients, and this may lead to small for size (SFS) 
syndrome presenting as prolonged ascites or 
cholestasis.?527 Portal vein pressure (PVP) showed a 
significant correlation with daily production of ascites 
during the first 2 weeks after surgery. It is well known 
that leakage of ascites into the peritoneal space occurs 
as a result of sinusoidal hypertension." It has been 
speculated that graft exposure to excessive portal vein 
flow (PVF) plays a major role in the development of SFS 
syndrome. To avoid graft congestion due to excessive 
portal perfusion, several techniques for modulation of 
graft portal inflow, such as splenic artery ligation,” 
splenectomy’ and portosystemic shunt,???! has been 
performed in LDLT. PVF should be reduced to less than 
250 mL/min/100 gm of graft weight using graft inflow 
modification? General selection criteria for grafts in 
adult-to-adult LDLT included an estimated graft volume- 
to-recipient standard liver volume (GV /SV) ratio equal 
to or greater than 30%. 

Based on this early success, LDLT using left liver grafts 
for adult patients good results achieved in Japan, when 
the graft volume (GV) exceeds 30% of the SV. Kyoto group 
developed an algorithm for graft selection in which left 
lobe donation is considered primarily if the GRWR is 
estimated to be greater than 0.6% in preoperative 
assessment with utilization of a hepatoportocaval shunt 
(HPCS) based on PVP. Purpose of HPCS is to reduce the 
PVP. Japanese have devised left liver along with caudate 
lobe graft, which avoids the limitations imposed by a low 
GV to some extent. The procedures involved in left 
hepatectomy pose less risk to the safety of the living donor 
than right lobectomy. A lower limit of 30% of the 


recipient’s SV was set as the GV necessary and when the 
estimated GV did not exceed 30% of the recipient's SV 
if only the left liver was used, but did exceed 30% if the 
graft included the caudate lobe, then left liver plus the 
caudate lobe as the graft is harvested. 

Hemodynamic study from earlier reports already 
confirms that in standard liver transplantation, increased 
portal flow is a common feature.™ In DDLT using a 
whole liver graft, the mean PVF has been reported to be 
around 130 mL/min/100 gm graft weight.*? But in partial 
liver grafts are exposed to even higher portal inflow.5* 
Hemodynamic changes are much more pronounced than 
those occurring in DDLT, and are inversely correlated 
with the GV/SV ratio. An increase in flow of this 
magnitude could be predicted if it is assumed that a left 
lobe graft, representing about 30-40% of the mass of the 
native organ, must passively receive all of the native 
portal inflow. Patients with a PVF exceeding 260 mL/ 
min/100 g graft weight or PVP to 20 mmHg or more is 
associated with a poor outcome and graft dysfunction 
with hyperbilirubinemia, coagulopathy and severe 
ascites.3*35 

An increase in portal pressure may cause elevation of 
hydrostatic pressure within the liver sinusoids. In Japan 
patient survival rates after LDLT using left liver grafts 
were 89%, 84% and 84% at 1, 3 and 5 years, 
respectively.” Efforts to avoid portal venous congestion 
and to shorten the graft preservation period might have 
contributed to good results. Using the left lobe graftalong 
with the caudate lobe and temporary APOLT (Auxiliary 
partial OLT) have allowed the indications to be widened 
to some extent, particularly in Japan.i? 


SURGICAL TECHNIQUES 


Left lobe graft involves harvesting segments II, III and 
IV with or without caudate lobe (segment I). Caudate lobe 
is included in graft when left lobe graft size is less to meet 
the demand of recipient.? Donor preparation and 
position are same as described in RLG. Abdomen is 
opened by bilateral subcostal incision with midline 
vertical extension or inverted L-shaped incision. 
Gallbladder is dissected from liver bed and before 
cholecystectomy, a 3.5 Fr. cannula is inserted into the 
Cystic duct and clamped with atraumatic vascular clamp, 
followed by intraoperative cholangiography using 
undiluted radiographic contrast and an image intensifier 
(Figures 10.38 and 10.39). 
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Figure 10.34: Line of transection for left lobe graft, marked 
with diathermy 


Figure 10.36: Left hepatic duct, middle (segment 4) and left 
hepatic arteries in a left lobe graft 


PLURES A 
Figure 10.35: Left lobe graft with left hepatic duct and hepatic artery 


A marker stitch with 6-0 prolene or a ligaclip is applied 
at the proposed level of transection of LHD ata later stage. 
Hilar dissection is performed to isolate and LHA and LPV 
till the bifurcation and encircle both structures with a loop. 
Dissection of part of LHA near the umbilical fissure is 
avoided to prevent ischemia. Search for any aberrant LHA 
from left gastric artery is performed, if present; carefully 
dissect as long as possible. Caudate lobe branches near 
junction of RPV and LPV are divided, but the branches 
from LPV to caudate lobe are preserved. 

Intraoperative Doppler US study will allow the 
surgeon to study: 

* The anatomy and confluence pattern of LHV and 

MHV, draining the segment II, III and IV. 


Figure 10.37: Transection of left hepatic duct in a left lobe graft 


* A small branch of segment II hepatic vein may drain 
directly into IVC. 

* The course and location of MHV and its branches to 
segment 5 and 8, which will guide the plane of 
transection at a later stage of hepatectomy. 

* Configuration of the junction of the MHV and LHV# 
The position of MHV is marked on the liver surface 

with a diathermy after intraoperative USG examination. 

Falciform, coronary and left triangular ligaments are 

divided to mobilize the left lobe. Avoid injury to left 

phrenic vein during mobilization. Left phrenic vein 
entering LHV is ligated to get longer length of LHV during 
graft delivery.5 Small caudate lobe veins to IVC are 
divided and large branch to IVC is preserved with the 


Figure 10.38: Intraoperative cholangiogram in a left lobe donor 
before transection of bile duct. Radioopaque loop in the left hepatic 
duct 


Figure 10.39: Intraoperative cholangiogram in a left lobe donor 
after donor hepatectomy 


graft for anastomosis in the recipient. Ductus venosus is 
dissected, ligated and divided. Common trunk of MHV 
and LHV is dissected and looped close to the IVC. A 
demarcation line will appear after clamping of LPV and 
LHA for short time and liver surface is marked with 
diathermy (Figure 10.34) in the line of transection 
according to color change. Course of MHV is also 
considered during marking the line of demarcation. On 
the inferior surface of liver, line of transection starts from 
gallbladder fossa and turns medially towards the hilar 
plate and ends at the proposed level of transection of LHD 
as marked earlier by cholangiography. The course of 


MHV guides the plane of transection of left lobe. Donor 
LPV flow and donor LHA flow (HAF) are measured 
before starting dissection of the liver parenchyma. 
Parenchymal transection is carried out with CUSA 
without inflow control to avoid warm ischemia to graft. 

Usually segment V hepatic vein draining the MHV is 
ligated. When segment VIII hepatic vein draining into 
MHV is large, it can be preserved along with a part of 
MHV, but the length of MHV in the graft will become 
shorter in this case. MHV in graft can be reconstructed 
by dissecting and keeping MHV or RHV of the recipient 
long enough to reconstruct MHV of the graft. Care is taken 
not to injure the MHV when dissecting very close to it 
because massive bleeding from MHV is difficult to 
control. An injury to MHV can be repaired with 6-0 
prolene with inflow control. Parenchymal transection is 
continued till the caudate lobe in an oblique fashion 
guided by MHV and a penrose drain or tape is passed 
behind the caudate lobe to lift the liver which guides the 
proper plane of transection. 

After parenchymal transection, hilar plate is 
approached and the LHD duct partially opened with 
scissors (as marked during cholangiography) and probe 
is passed proximally and distally into the LHD to confirm 
safety of confluence of the RHD and LHD. Skeletonization 
of LHD is avoided to preserve its blood supply and to 
avoid biliary complications in the recipient. Then LHD 
is divided completely with scissors (Figure 10.37). If the 
caudate lobe hepatic duct is small, it can be ligated and 
if it is large then preserve it for anastomosis in the 
recipient. Bile duct opening on hilar side is closed with 
6-0 PDS sutures. Graft harvesting is completed by double 
ligation of LHA on donor side, followed by clamping and 
division of LPV (Figures 10.35 and 10.36), caudate lobe 
vein and confluence of MHV and LHV. 

During the back table procedure, the graft is immersed 
in ice sludge and flushed with 1 liter of UW (University 
of Wisconsin) or HTK (Histidine tryptophan 
ketoglutarate) solution through the left portal vein 
cannula. Openings of all the veins (Figure 10.40) are 
sutured on the donor side, LPV with 6-0/7-0 prolene and 
MHV, LHV with 4-0/5-0 prolene sutures. Methylene blue 
test is optional to check bile leak from the cut surface of 
liver, depending on the center protocol. Cut surface of 
the remnant liver is checked for hemostasis (Figure 10.41). 
Cut surface of the graft is covered with fibrin glue. Most 
of the centers at present don’t use drain. Abdomen is 
closed in layers after hemostasis. If a donor left 
hepatectomy is performed without harvesting caudate 
lobe, the left portion of the caudate lobe is left without 
a blood supply or bile drainage system, because of the 
anatomy of the liver. This results in atrophy of the left 


Figure 10.40: Vascular clamps applied on left hepatic vein 
(white arrow) and left portal vein (black arrow) 


caudate lobe in the donor. When the caudate lobe is 
included in the left lobe graft, caudate lobe is able to 
function in the recipient. Kawasaki et al. developed a 
technique for harvesting the donor's left liver along with 
the caudate lobe. 
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Figure 10.41: Remnant right lobe in a live donor after left lobectomy 


Postoperatively parenteral nutrition support consists 
of branched-chain amino acid-enriched solution (BCAA) 
and medium-chain triglycerides (MCT). Low dose 
dextrose solution, vitamins and phosphates are given for 
2-3 days to enhance regeneration of the remnant liver.!5 


ASED DONOR HEI 


DECEASED DONOR HEPATECTOMY 


Whole liver can be harvested from 2 sources: 

* Heart-beating donors/Donation after brain death 
(DBD)/Neurological death (DND) 

* Non-heart-beating donors/Donation after cardiac 
death (DCD) 


IDEAL DONOR 


Criteria for an ideal donor are mentioned in the table on 
next page. Any deviation from the ideal donor criteria, 
are considered as marginal donors. Practically in most 
of the centers in USA and Europe, many of the donors 
are marginal due to the organ shortage and long waiting 
list. Practically it is always difficult to get an ideal donor. 
In older donor with severe fatty change increases the 


incidence of primary nonfunction or initial poor function. 
Tn the present transplant scenario, marginal donors are 
no longer considered as absolute contraindication. 

The decision to accept a marginal donor depends on 
the severity of recipient's disease. Inspection of by an 
experienced transplant surgeon and histological 
examination by liver biopsy specimen will help in taking 
proper decision to select the deceased donor. ABO blood 
type matching is required. In pediatric patients, reduction 
in the size (reduced size transplant) of the graft is required 
allowing 1/10 of mismatch between donor and recipient. 
Smaller grafts can be accommodated to larger individuals 
but is not true for vice versa. While using older donors 
cold ischemic time should be kept as minimum as possible 
and in donors of age >60 years, the graft outcome is 
similar as compared to younger donors. 


Ideal deceased donor 
* Age « 50 years 
* No hepatobiliary disease/abnormal liver function 
tests-not more than 3 times the normal limit for LFTs) 
* Hemodynamic and respiratory stability 
(SBP>100 mm of Hg, CVP <5 cm of H20) 
* Acceptable hemoglobin and pO» 
* No H/O severe abdominal trauma, malignancy, 
systemic infection, hypernatremia 
* Urine output >50 ml/hr with diuresis 
* Absence of acidosis 
* No signs of hypothermia 
* Normal creatinine level 
* Lower requirement of ionotropic agents 
* ICU stay not »5 days 
* Absence/Mild degree of fatty change 
* No H/O alcohol dependency 
* Seronegativity for hepatitis B and C 


Prediction of donor risk factors 
associated with worse clinical outcome 
* All marginal donors 
* Female gender 
* Race other than Caucasian 
* Prolonged cold ischemic time 
* ABO mismatch 
* Death due to stroke 


DONORS WITH POSITIVE SEROLOGY HBV/HCV 


* Donors with positive serology for hepatitis B (HBcAb 
*ve) or hepatitis C can be used in the respective 
positive serology patients provided that a baseline liver 
biopsy demonstrating no active hepatitis or cirrhosis. 

* In these cases post-transplant prophylaxis for the 
respective viruses should be continued as per the 
standard protocols. 

* In recipients with +ve serology for HBV who are 
positive for Anti HBsAb can be protected from 
infection, but positive for only HBcAb (core antibody) 
can still become infected when transplanted from a 
HBV +ve serology donor. Post-transplant antiviral 
treatment is determined by recipient anti HBsAb titers. 

e HCV positive donors can be used in HCV «ve 
recipients depending upon the severity ESLD or MELD 
score. However such use in limited unless there is an 
emergency situation. They can't be used in HCV -ve 
recipients. 

Adequate management of the donor prior to and 
during the transplantation is required for early graft 
function. Always avoid prolonged warm (WIT) and cold 
ischemia (CIT). For multiorgan donation, respective 
thoracic, cardiac teams must be coordinated with the 
abdominal team. 


Donor Surgery 


Contraindications for harvesting deceased donor liver 
* HIV positive patients 

* Active viral disease (Hepatitis B/C)/Cirrhosis 

* Extra-cerebral malignancy 

* Profound irreversible hypotension 

* Severe trauma to liver 


SURGICAL TECHNIQUES FOR HARVESTING 
DECEASED LIVER 


Patient is placed in supine position with arms abducted. 
Abdomen is opened by an incision extending vertically 
from suprasternal notch to pubic symphysis and 
transversely extending upto both flanks at the level of 
umbilicus for multiorgan donation (Figure 10.42). 
Sternum is split opened and self-retaining retractors are 
applied. Liver is inspected as a whole for color, texture, 
pathological lesions and any anomalies of arterial supply. 
Round ligament is ligated and cut. Right colon and 
terminal small intestine are mobilized cephalad and 
retracted to left. Kocher maneuver is performed to 
mobilize the duodenum. Peritoneal reflections between 
the duodenum and retroperitoneal areas are dissected and 
incised exposing entire retroperitoneal structures like 
Aorta, IVC, both renal veins, SMA, IMA, IMV and both 
iliac arteries and veins. Peritoneal coverings and 
lymphatic tissue over the aorta are dissected to expose 
theaorta. Inferior mesenteric artery is ligated and divided. 


Figure 10.42: Abdominal incision in deceased donor 


Aorta is looped with 2 loops/umbilical tapes for 
cannulating (Figures 10.43 and 10.44) at a later stage. 

After complete dissection of IMV /Splenic vein, it is 
cannulated for infusion of cold plasmolyte solution for 
precooling (Figures 10.49 to 10.51). Left lobe of liver is 
mobilized by dividing the falciform, coronary and left 
triangular ligaments. Left lateral segment is retracted 
medially and dissection is carried around proximal 
stomach on lesser curvature, gastroesophaeal junction 
and crura of diaphragm, to retract the esophagus to left 
for exposing the supraceliac aorta (Figure 10.46). 
Dissection around the anterior and lateral aspects of 
supraceliac aorta is completed to encircle it with an 
umbilical tape/loop (Figures 10.47 and 10.48) for cross 
clamping at a later stage. 

Search for anomaly /variation/aberrant vascular 
supply to liver by careful inspection and finger palpation 
method. Dissection is continued around the duodenum 
and distal CBD, care is taken to avoid injury to replaced / 
low take off RHA. Distal CBD is ligated and cut distal 
to the insertion of cystic duct. Gallbladder is flushed with 
isotonic saline solution to flush the GB and bile duct 
completely. 

Then mobilization of the left colon is performed and 
a space is prepared for ice cooling for left kidney. 30,000 
units of heparin is given via central line before clamping 
the aorta and the abdominal aorta is cannulated by 
ligating with umbilical tape proximally and a cross clamp 
distally (Figure 10.45). Cannula is secured by a suture 
on the wall of aorta. Umbilical tape and cross clamp are 
released. Then a cross clamp is applied over the 
supraceliac aorta. Another surgeon transects the vena 
cava at the caval-atrial junction to allow exsanguinations 
of abdominal organs. 3-5 liters of UW /HTK solution (50- 
60 ml/kg) is run through the aortic and IMV /Splenic vein 
cannulae. 2-3 liters of UW /HTK soln. is flushed through 
aortic cannula and 1-2 liters through IMV/ splenic vein. 
Liver, kidney and pancreas are completely covered with 
crushed ice for facilitating rapid cooling of abdominal 
viscera. 

Diaphragm is divided vertically in anteroposterior 
direction down to the aorta in midline. Retraction of 
esophagus gives better filed for dissection. Right 
diaphragm is cut along the right lobe and part of 
diaphragm is left on the liver surface which can be cleared 
during back table dissection. Duodenum is retracted and 
gastroduodenal artery (GDA) is dissected and traced till 
common hepatic artery (CHA) and minimal dissection 
is carried out along proximal and distal parts of CHA. 
GDA is ligated and cut with silk away from its junction 
to CHA. Splenic artery is dissected, ligated and divided. 
Dissection around the celiac trunk and aorta is carried 
out and the celiac trunk is lifted along with part of aortic 
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Figure 10.44: Looping of abdominal aorta (Infrarenal aorta: 
close view) for multiorgan donation 


Figure 10.45: Transection and cannulation of abdominal aorta 
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Figure 10.46: Dissection of supra-celiac aorta 


Figure 10.47: Mobilization of supra-celiac aorta. Lett lateral segment Figure 10.50: Looping of splenic vein for cannulation 
is retracted medially and esophagus is retracted laterally 


Figure 10.48: Looping of supra-celiac aorta Figure 10.51: Splenic vein cannulation 
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Figure 10.53: Brain dead donor liver. (DDLT) 


wall (used as carrel patch in recipient) (Figure 10.52) after 
transecting the supraceliac aorta below the cross clamp. 
Left gastric artery must be preserved along with celiac 
trunk, if there is a replaced LHA from LGA. While 
dividing the lower end of aorta along with the celiac trunk 
care is taken not to injure the renal vessels. 

Portal vein (PV) is identified by dividing the fibrous 
tissue at the superior margin of pancreas. If the pancreas 
is not harvested, the head of pancreas is divided and 
superior mesenteric vein (SMV) is identified and cut and 
mobilized proximally along with PV. Splenic vein/IMV 
are divided distal to the placement of cannula. Coronary 


Figure 10.54: Box packed with ice for transporting liver graft 
after harvesting from the donor 


vein is also ligated. If the pancreas is to be harvested, 
then PV is divided distal to the coronary vein. Fibrous 
tissue around the liver hilum, celiac trunk and superior 
mesenteric artery (SMA) are divided. If RHA originates 
from SMA, then the aortic patch includes both celiac trunk 
and SMA opening along with it. A renal artery may arise 
from SMA; it should be preserved in such cases. 
Infrahepatic IVC is transected above the renal veins and 
whole liver (Figure 10.53) is lifted completely by dividing 
any minor adhesions and placed in a sterile bag and with 
500-1000 ml of UW /HTK solution, surrounded by an ice 
filled container. The Iliac vessels are harvested after the 
removal of kidneys, if there is a facility for 
cryopreservation (Figure 10.54). Other vessels like carotid 
and SMA can also be harvested. 


Acknowledgements: Figures 10.1 to 10.5, 10.8 to 10.10, 
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INTRODUCTION 


The overall outcomes after liver transplantation have 
improved significantly, but early graft failure still remains 
à serious concern because it is associated with higher 
morbidity and mortality. Cold ischemia and subsequent 
reperfusion are crucial factors for graft outcome in organ 
transplantation. Once the graft is harvested, graft PV is 
flushed with preservation solution and preserved in cold 
preservation solution (Figure 11.1). Maximum tolerable 
cold ischemic time of liver is 12-24 hours using 
preservative solution at lower temperature (4*C).5 
Maximum tolerable warm ischemic time (WIT) is usually 
2-4 hours, but the allograft should not be exposed more 
than one hour. In DCD donors the maximum limit of WIT 
should be 30 minutes. 

Currently, in the transplant setting, the term “warm 
ischemia" is used to describe two physiologically distinct 
periods. 


Figure 11.1: LDLT: Right lobe graft—purse-string suture around 
portal vein for fixation of cannula to perfuse with cold HTK solution 


Figure 11.2: Flushing the PV and bile duct with HTK solution 
in a left lateral segment graft 


Figure 11.3: Measuring the diameter of 
hepatic vein with a measuring scale 


1. Ischemia of rewarming during implantation, from the 
time the organ is removed from ice until it is reperfused 
with recipient blood. 

2. Warm ischemia at body temperature (37°C), as may 
happen in the donor, from the time of cross-clamping 
or in the case of non-heart-beating donors from the 
time of asystole until cold perfusion. 


Factors influencing increased graft loss after 
transplantation!* 

* Prolonged cold ischemia time (PCIT) 

* Moderate to severe macrovasicular steatosis 

* Operative factors-venovenus bypass 

* Venting of mesenteric blood prior to reperfusion and 
sequence of reperfusion such as early arterialization 
of the grafts 

* DCD (donation after cardiac death) donors 

* Older donors 

* Diabetic recipient 

* Obesity in recipient 

* African-American race in the donors 


The introduction of UW in liver transplantation 
improved graft and patient survival5 Components like 
impermeants, an effective buffering system, and the 
provision of substrates to regenerate high-energy 
phosphates may have contributed to this result.5 HTK 
was originally developed for heart preservation and was 
subsequently introduced in the preservation of human 
liver grafts.” Both UW and HTK solutions were routinely 
used in human liver transplantation, and their efficacy 
to prevent preservation injury was confirmed in 
experimental and clinical studies." (Table 11.1) 


Different organ preserving solutions? 
* Euro-Collins solution (EC) 
* University of Wisconsin solution (UW) 
* Histidine-Tryptophan-Ketoglutarate solution (HTK) 
* Celsior solution (CS) 


Upregulation of adhesion molecules, neutrophil infil- 
tration, microcirculatory alterations, release of 
chemokines from Kupffer cell activation and lipid 
peroxidation have all been shown to increase 
susceptibility to injury of steatosis compared to normal 
livers for a given cold ischemic time (CIT).*? The 
cytochrome P-450 content of the liver has been reported 
to decline by 16% from the age of 40 to 69 years and by 
32% after the age of 70 years.!* Impairment of energy- 
dependent and microtubule-dependent transport 
processes with aging result in 35-40% and 50% decrease 
in hepatic arterial and bile flow, respectively. Donor age 
augment the prolonged CIT on graft survival.? 


TABLE 11.1: Composition of different types of 


Hydroxy ethyl starch (HES), g/L 50 
Histidine, mmol/L. 198 
Mannitol, mmol/L. 30 
Lactobionate, mmol/L 105 
Raffinose, mmol/L 30 
Glutamic acid, mmol/L 

Phosphate, mmol/L 25 
Glutathione, mmol/L 8 
Allopurinol, mmol/L 1 
Adenosine, mmol/L 5 
a-ketogiutarate, mmol/L 1 

Sodium, mmol/L 15 27 
Potassium, mmol/L 10 125 
Chloride, mmol/L. 50 
Calcium, mmol/L 015 
Magnesium, mmol/L 4 
Magnesium sulfate, mmol/L 5 
Tryptophan, mmol/L. 2 

Insulin, U/I 100 
Dexamethasone, mg/L 8 

Bactrim (Penicillin), mg/L 5 


Different hemodynamic and immunologic alterations 
exist in heart-beating brain-dead donors (DBD) and 
donation after cardiac death (DCD) prior to organ 
procurement which leads to increased graft loss. The 
negative effects of brain death on donor organ quality 
have been attributed to increased intracranial pressure 
and brain ischemia leading to major pathophysiologic 
changes including cytokine up regulation and autonomic 
‘storm’. Liver grafts from DCD donors that were subjected 
to PCIT resulted in worse outcomes. !°20 Recipient acuity, 
intrinsic quality of the organ before procurement, graft 
ischemia times, and subsequent ischemia-reperfusion 
injury are important inter-related factors that affect graft 
function.?! 


CRYOPRESERVATION OF VASCULAR GRAFTS 
Cryopreserved vascular grafts are frequently used in liver 
transplantation mostly in LDLT. These harvested vessels 
are keptat-180° temperature in liquied nitrogen cylinders 
in the cryobank.?? Not enough reports available in 
literature to support how long these grafts can be 
preserved. Sugawara et al? reported that these vessels 
are packed in a sterile bag and frozen slowly in a 
programmable freezer ata rate of 1*C /min to—40°C. They 
can be semipermanently stored in liquid nitrogen until 
use. 

Cryopreservation of vascular grafts is similar to 
hepatocyte preservation. Vascular grafts are collected 
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initially in HTK/UW solution. Later they are washed and 
preserved for a short time of 12-24 hours in antibiotic 
solution mixed with RPMI 1640 solution. Then they are 
perserved in using a combination of RPMI medium 1640 
and Dimethyl sulfozide (99.5%) in the ratio of 9:1. 
Temperature of the cryo-bags/containers with grafts 
should be gradually lowered over few hours to +40 to 
-80°C and then they are preserved in cryocylinders at 
-180*C. Vascular grafts are preserved upto 3 to 5 years 
by using the above mentioned protocols. In our 
experience we have safely used these cryopreserved grafts 
as long as 2 to 3 years after harvesting. Blood type 


Figure 11.5: Complete circuit 
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matching is required while using these vascular grafts 
in liver transplantation. Each vessel is kept in a sealed 
container with labeling on the contained mentioning type 
of vascular graft, date of collection, approximate length 
and blood type of the deceased donor from whom the 
graft is harvested. A separate book is maintained 
mentioning their date of collection, blood group, length 
of the graft and type of graft (arterial /venous-iliac, ext. 
jugular, etc.). They are arranged according to their blood 
groups in the cryocylinder, so that it will be easier to collet 
the necessary graft whenever it is required (Figures 11.4 
to 11.15) shows the cryobank and collection of vascular 
graft from cryobank. 


Figure 11.7: Protective gloves 
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Figure 11.8: Removing the grafts from cryocontainer 


Figure 11.9: Grafts are kept in a stand for easy recognition 


Figures 11.10 and 11.11: Vascular grafts inside a container 


BACK TABLE PROCEDURE/BENCH 
PROCEDURE 


During back table procedure, the harvested allograft is 
prepared for transplantation. After harvesting graft, it is 
flushed with cold (4°C) HTK or UW solution (1-2 liters 
in RLG/LLG and 2-3 liters in whole liver graft) as soon 
as possible through the portal vein (Through the RPV 
in RLG, LPV in LLG and main PV in whole liver graft). 
A purse sting suture is applied to secure the cannula in 
the PV (Figure 11.1). Some centers don’t use this suture 


to preserve max length of PV. Graft is thoroughly flushed 
with HTK solution until the blood in the venous system 
is completely washed out. HA and bile duct are also 
flushed with around 20 ml of HTK solution (Figure 11.2). 
In our experience, we don’t flush the HA to avoid intimal 
damage which may lead to graft loss. During the 
recipient's operation, some modifications are designed 
to improve the reconstruction of right hepatic vein, 
inferior right hepatic vein, and the reconstruction of the 
tributaries of middle hepatic vein to segment V (V5) and 
VIII (V8), using interposition vein/arterial grafts. 
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Figures 11.12 and 11.13: Vascular graft in preservation solution containing sealed 
container kept in a bowel with distilled water at body temperature 


Figure 11.14: Closing the cryocontainer 


LIVE DONOR 


In LDLT, right lobe graft, V5 and V8 reconstruction is 
performed with cryopreserved iliac vessel or any vascular 
graft harvested like internal iliac vein /inferior mesenteric 
vein/great saphenous vein/external jugular vein/ePTFE 
graft (Figure 11.17). The diameter of the graft vessels is 
measured with a measuring scale or caliper (Figures 11.3 
and 11.16) and suitable vascular graft is selected from 
the cryo-bank. If RLG is harvested with MHV, then a 
common channel is made with RHV by venoplasty. 


Figure 11.18: Cryopreserved arterial graft 


Similarly in LLG, a common channel is made with LHV 
and MHV. If 2-3 IRHVs are present, a common channel 
may be made by venoplasty or they may be reconstructed 
separately depending on the location and diameter. In 
majority of grafts we prefer to preserve the vessels which 
are more than 5 mm is diameter. Cut surface of the graft 
is coated with a thin film of glue or tissuecol and then 
graft is covered with a sterile bag and immersed in an 
ice packed sterile container with HTK solution. 


| .. Graft Preservation and Bench Procedure 


DECEASED DONOR 


The preparation in case of whole liver grafts is very 
similar to live donor liver. But in whole liver grafts 
harvested from deceased donors, usually the liver is 
harvested with part of diaphragm and lot of soft tissue 
around the CBD, celiac trunk and PV. During the back 
table dissection all the diaphragmatic tissue is resected 
and all the vessels are dissected, but care is taken not to 
dissect CBD completely and not to separate it from HA 
proper to avoid ischemia to the bile duct and future biliary 
complications in the recipient. A carrel patch (Figure 
11.20) is prepared with the celiac trunk for arterial 
anastomosis. Now a day's usually many centers use 


piggyback anastomosis of IVC to IVC witha partial clamp 
on recipient IVC instead venovenous bypass and 
replacing the recipient IVC with deceased donor IVC. So 
in such condition, both ends of IVC are closed with 4- 
0 prolene sutures (Figures 11.18 to 11.20) and a wide 
opening is made in the center of IVC (Figure 11.21) for 
anastomosis with recipient IVC. All vascular anastomoses 
and reconstructions with vascular grafts are checked for 
any leak by flushing HTK solution and making them air 
and water tight. If any leaks are detected they are sutured. 
Cold ischemia time should be kept as minimum as 
possible for better graft function and to avoid 
complications. 


Figure 11.16: Measurement of size of hepatic veins with 
caliper (Reproduced with permission of chen CL) 


Figure 11.17: Right lobe grafts-V5 and V8 reconstruction with a 
cryopreserved iliac artery graft during back table procedure 


Figure 11.18: Preparation of IVC for piggyback anastomosis 
(DDLT-whole liver) 


Figure 11.19: Closure of lower end of IVC 
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Figure 11.20: Whole liver with IVC closed at both ends (black arrows) 
with a carrel patch (blue arrow) and portal vein cannula (white arrow) 
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(A) LIVE DONOR LIVER TRANSPLANTATI 


RECIPIENT HEP. 


GENERAL CARE AND PREPARATION OF RECIPIENT 


Care is taken in the operation theatre to prevent wound 
sepsis, pressure sores and deep vein thrombosis. Patient 
is placed in spine with abducted upper limbs on the 
operating table. Transplantation surgery is technically 
challenging as the anesthesiologist has to maintain the 
homeostatic temperature, circulation, oxygen carrying 
capacity, gluconeogenesis, electrolytes and adequate 
coagulation profile. So an anesthesiologist trained in liver 
transplantation is an essential part of liver transplant 
team. Body temperature is maintained with warming 
devices applied to lower limbs and intravenous fluid 
warmer to increase the temperature of fluids given 
intraoperatively. Central line, arterial line and swan ganz 
catheters are inserted for adequate vascular 
access for perfusion. 

Continuous monitoring of BP, Oz saturation, CVP, 
pulmonary arterial pressure, cardiac output, cardiac 
index, systemic vascular resistance and end diastolic 
volume is carried out throughout the surgery. The 
measurement of cardiac output (CO) in these patients is 
useful for guiding clinical therapy, including fluid 
administration and use of vasopressors. Pulmonary artery 
catheter thermodilution (PAC-TD) has been the standard 
method of CO measurement in liver transplantation. 
Recently, attention has turned to other measurement 
techniques. One such method, which is noninvasive, is 
the ultrasound cardiac output monitor (USCOM), which 
was introduced into clinical practice in 2001.38 The 
USCOM monitor has been studied in surgical intensive 
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care patients, Doppler derived CO being compared with 
that determined by PAC-TD. Good agreement was found 
between the 2 techniques, but there was an increased 
difference at higher Cos. USCOM is acceptable for the 
clinical determination of noninvasive cardiac output, 
particularly in situations in which tracking changes over 
time is more important than knowing the precise value.*® 

Blood components such as PRBC, fresh frozen plasma, 
platelets and cryoprecipitate are preserved preoperatively 
in sufficient quantity to meet the bleeding demands. 
Thromboelastography (TEG) is used to monitor the 
coagulation profile and Intraoperative cell saver is used 
to meet the demands of intraoperative blood loss. Cell 
saver is avoided in patients with subacute bacterial 
peritonitis and HCC as it can transmit abdominal infection 
or malignant cells to blood stream leading to 
dissemination of infection and malignancy, respectively. 
Prophylactic antibiotics usually a 3rd or 4th generation 
cephalosporins along with an aminoglycoside and 
antifungal agents are used. Many centers start 1st dose 
of immunosuppression usually Tacrolimus / 
Cyclosporine 6 hours before surgery. Laxatives are given 
preoperatively for bowel preparation. 

Abdomen is opened by bilateral subcoastal incision 
with midline vertical extension or inverted T-shaped 
incision. A Book Walter or Thomson or Kent retractor 
(Figures 12.1 to 12.3) is used to retract the abdominal wall. 
Ascitic fluid if any is taken out with a suction cannula. 
Hilar dissection is performed to isolate, ligate and divide 
CBD. Hilar dissection is continued to isolate the hepatic 
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Figure 12.1: Thomson abdominal retractor 


Figure 12.2: Book Walter abdominal retractor 


artery proper and its branches RHA, LHA and MHA? 
Maximum lengths of the hepatic arterial branches are 
preserved distally. Portal vein is isolated and dissected 
to keep as long as possible (Figure 12.23). A microvascular 
clip is used to control the proximal end while the distal 
end of the hepatic artery is clamped, divided, and ligated. 
The microvascular clips are released intermittently 


Figure 12.3: Kent abdominal retractor (Reproduced with 
permission of Chen CL) 


throughout the procedure until anastomosis to prevent 
clogging of the lumen of the hepatic artery. Right and 
left lobe is mobilized by dividing the falciform, coronary 
right and triangular ligaments. 

During right lobe mobilization, carefully ligate all the 
retrohepatic veins, IRHV, MRHV (if present) and caudate 
lobe veins. IVC ligament (Makuuchi ligament) is divided 
and RHV is encircled. RHV is divided over vascular 
clamps and closed with continuous 4-0 prolene sutures 
on both ends. Always try to keep long RHV on recipient 
side for anastomosis with the graft RHV. Dissection is 
completed on the left side by medially turning the left 
lateral segment, followed by mobilization of the caudate 
lobe. In some cases a rim of liver parenchyma is encircling 
the IVC along with the caudate lobe. So careful dissection 
is needed around the caudate lobe and meticulous ligation 
of all branches of caudate lobe vein, which directly drain 
into the IVC, is essential. LHV and MHV common trunk 
is dissected and encircled, both these veins are dissected 
more distally to preserve maximum length of both these 
vein as far as possible. After complete mobilization, the 
recipient liver along with the gallbladder is removed 
(Figures 10.4, 10.21 and 10.24) by clamping and dividing 
the PV, followed by LHV and MHV. Any oozing from 
the diaphragmatic surface is carefully controlled by 
coagulation or ligation. 


In LDLT using a right lobe graft, the LHV opening is 
closed with 4-0 prolene sutures. MHV can be used for 
anastomosis with vascular graft from V5 and V8. Now 
the RLG is placed in the right upper fossa and position 
is adjusted so that vascular anastomosis can be done 
without any tension on the anastomosis (Figure 12.11). 
Graft RHV is either directly anastomosed with recipient 
RHV in end-to-end fashion or can be directly anastomosed 
with IVC on its lateral aspect, followed by anastomosis 
of IRHV and MRHV. Vascular graft from V5 and V8 
usually constructed as V or Y shaped anastomosis and 
is they are anastomosed to the MHV or directly to the 
IVC with 4-0 prolene sutures.! The reconstruction of the 
vascular outflow tract of partial liver grafts has received 
considerable attention in the past, especially in the setting 
of right liver grafts with undrained segments. If no 
primary reconstruction of the MHV or V5 and V$ is 
performed, most right liver grafts show morphological 
signs of congestion,? as well as impaired liver 
regeneration in the affected segments.’ Therefore V5 and 
V8 outflow reconstruction with a vascular graft in right 
lobe LDLT is mandatory if there is significant contribution 
of outflow from these 2 branches. The vascular graft may 
be anastomosed to bifurcation or LHV or MHV (Figure 
12.5). 

Before closing the openings of HV, IRHV and MRHV, 
graft is thoroughly flushed with lactate ringer solution 
or isotonic saline with albumin. This flush helps in 
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removing air to prevent air emboli as well as to remove 
the excessive high concentration of potassium, resulting 
from preservation solution. RPV or Main PV is 
anastomosed with the graft PV with 6-0 prolene sutures, 
care is taken not to tighten it too much to constrict the 
diameter of PV. Best way to do it is to tighten the knot 
on PV anastomosis, once the PV clamp is released. 
Adequate dilatation of PV is allowed before tying the knot 
for adequate graft flow and PV dilates due to its elastic 
nature when the PV clamp is released. Before 
reconstruction of portal vein, heparin solution is injected 
into the recipient portal vein to avoid thrombotic 
complications. Wait for the color change in the graft as 
whole, segment V and VIII. Usually congestion on 
segment V and VIII will disappear once adequate outflow 
is constructed with a vascular graft. 

Lee et al? reported the different techniques of recons- 
truction of portal vein in case of portal vein variations 
are shown in Table 12.1. 


DIFFERENT TECHNIQUES OF V5 AND V8 
RECONSTRUCTION (FIGURES 12.6 TO 12.10) 


Kim et al* demonstrated a different technique of 
reconstruction of MHV. V5 and V8 are arranged along 
the groove formed by MHV after tailoring donor 
hepatectomy with exposing the right side of the MHV. 
Cryopreserved vein patch is connected to MHV 


Figure 12.4: HBV related cirrhosis of liver, right lobe atrophy 
and left lobe hypertrophy 


Figure 12.5: MHV (black arrow) and LHV (blue arrow) shown 
during anhepatic phase 


TABLE 12.1: Portal vein variations in right lobe graft in 
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T and reconstruction of portal vein in the recipiei 


Type I: Donor— Normal bifurcation along with normal anatomy of anterior and posterior branches of PV 


Recipeint: End to end anastomosis of graft and recipient PV 
Miss II: Donor— Trifurcation of PV 


^. Donor anterior and posterior right PV branches divided separately. Create a common orifice for graft PV in the back table. Donor 


right PV branches are closed separately. 


B. Discoid patch excision of Donor PV, so that graft side has common orifice for reconstruction. 
Defect in donor PV can be closed by either an autologous vein patchplasty or reconstructed by segmental resection and end 


to end anastomosis. 


C. Donor PV can be divided at the PV confluence. The PV defect on the donor side is repaired by primary closure in transverse 
direction to prevent PV stenosis. Graft PV can be anastomosed as a common single opening to the recipient PV. 

Type Ill: Donor—Independent posterior branch from the main trunk of PV 

Donor PV branches are divided separately and each stump on donor side is closed primarily. 


Recipeint: 


A. 2 separate graft PV branches are anastomosed each to right and left PV branches of the recipient (or) 
B. 2 separate graft PV branches are anastomosed to each of the corresponding branches of right anterior and posterior PV branches 


(or) 


C. Y-shaped interposition graft can be used for reconstruction of 2 branches of PV of graft to donor single PV (or) 

D. Discoid excision of donor PV: 2 separate branches excised with a discoid patch leaving a large PV defect on donor, which can 
be reconstructed with an autologous vein patchplasty or by segmental resection and end to end anastomosis of PV. 

Type IV: Donor— Anterior sectorial branch from the umbilical portion of left PV 

Donor PV branches are divided separately and each stump on donor side is closed primarily. Recipient reconstruction is similar to 


type Ill A, B and C. 


Common trunk 
MHV and LHV 


Figure 12.6: Schematic presentation of vascular graft for V5 
and V8 reconstruction (Makuuchi et al) 


tributaries and anterior wall of right hepatic vein. After 
reclosure of interposition vessel, its shape closely 
resembles extended right lobe graft. Roofing of graft 
hepatic vein outlet is performed with a cryopreserved 
aorta patch. One side of the aorta patch is anastomosed 
toa side of the triangle formed by MHV and right hepatic 
vein first, and then the other side of the patch is flipped 
and anastomosed. However this reconstruction can be 
performed without using the aortic patch. Modified 
piggyback anastomosis of graft outflow is reconstructed. 


Figure 12.7: Right lobe graft after back table used reconstruc- 
tion of V5 and V8 with a cryopreserved vascular graft 


Lee et al5 from Korea, reported the use of ePTFE (6 
or 7 mm diameter) grafts for reconstruction of V5 and 
V8 (Figure 12.9) and early patency rate of ePTFE group 
as good as the RLG with MHV or conventional right lobe 
transplantation and late obstruction of the ePTFE graft 
had no impact on congestion in the anterior section or 
patient survival. Therefore, he mentioned that an ePTFE 
graft may be a useful interposition material for anterior 
section drainage in right lobe transplantation without any 
serious complications. The long-term patency of the 


Figure 12.8: V5 and V8 br. may be directly anastomosed to the IVC instead of LHV or MHV5 


Vascular graft 


Figure 12.9: Use of ePTFE grafts for V5 and V8 reconstruction® 


interposition vessel for anterior section drainage is not 
an important issue because its dysfunction causes no 
clinical problems during long term follow-up. As for the 
duration of patency, 1-2 weeks is enough to achieve 
adequate graft function. Difference in the regeneration 
rates is not significant between the liver grafts with an 
obstructive ePTFE graft and with an intact ePTFE graft 
on follow-up CT Scan examination. This is because most 
of the regeneration occurs during the first 2 weeks after 
transplantation. Sometimes graft outflow may not be 
adequate due to wrongly positioned graft leading to 
venous stasis and swelling of the graft. It should be 
avoided by proper positioning of the graft in the right 
upper fossa. In selected cases use of a tissue expander 
with 200- 300 ml fluid may be required to lift the graft 
for a proper position. If used, tissue expander usually 


removed in 1-3 months following transplantation. If wide 
outflow of hepatic veins is reconstructed by triple 
venoplasty in the recipient (described later in this 
chapter), then such maneuver for maintaining the position 
of graft to increase the outflow, is not required. 


HEPATIC ARTERIAL ANASTOMOSIS 

(FIGURES 12.12 AND 12.13) 

It is completed by 9-0 prolene sutures either to the RHA 
or LHA whichever is comfortable. In our center, HA 
anastomosis is routinely done by microvascular surgeon. 
Insome cases multiple hepatic arterial branches are found 
in the graft. Tanaka et al proposed reconstruction of all 
hepatic arterial branches, claiming that they basically end 
arteries and they are very important.5 But Makuuchi et al 


Figure 12.10: Different technique of graft outflow reconstruction. 
RHV (blue arrow) of the graft, V5, V8 (black arrows) and IRHV (white 
arrow) are reconstructed by single cryopreserved Y-shaped vascular 
graft with all the vessels opening into the single vascular graft and 
à direct single anastomosis to IVC later instead of separate outflow 
drainage of RHV, V5, V8 and IRHV 


Figure 12.11: Right lobe graft in a recipient after reconstruction 
of portal flow 


reported that in majority of cases it is unnecessary to 
anastomose all hepatic arteries supplying the graft and 
no adverse effects were noticed by ligated the small 
branches of HA#!? 


To ensure an adequate blood supply to the bile duct, the 
ends of both the recipient and donor ducts are debrided, 
because significant arterial bleeding from the cut ends 
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Figure 12.13: Completed hepatic artery anastomosis 


isa good sign; without such bleeding, the bile duct needs 
to be shortened.5 The graft hepatic duct is anastomosed 
in as an end-to-end fashion to the recipient bile duct or 
Roux-en-Y anastomosis with a jejunal limb. When bile 
ducts in the graft are far apart, they are anastomosed 
separately. Chen et al perform routine reconstruction of 
both arterial and biliary anastomosis by using 
microvascular technique (performed by microvascular 
surgeon) using posterior continuous and anterior 
continuous running and interrupted closure technique. 


— HR ——— Recipient Surgery 


The technique was found to have excellent results. 
Different levels of transection of bile duct in donor 
(Figures 12.14A to C) and their reconstruction in the 
recipient (Figures 12.14A-1 to C-1) are shown in Figure 
12.14. 

According to Kyoto university recommendations, 
posterior layer continuous and anterior layer interrupted 
suture anastomosis of the bile duct will have better results. 
The anastomosis starts at the posterior wall followed by 
the completion of the anterior wall.5 Internal stent 
placement in biliary anastomosis was done earlier, but 
now many studies reported that direct duct to duct 
anastomosis without a stent is preferable method of 


r^ 


A. Single duct 


Y 


B. Two ducts close to 
confluence of RHD and LHD 


r 


B-1 
c4 
C. Two ducts separate = 
c2 
Figure 12.14: Different techniques of anastomosis of bile duct 
in a living donor liver transplantation? 
A: Level of transection of bile duct in donor, 
A1: Reconstruction of bile duct in the recipient. 
B: Level of transection in donor when anterior and posterior 
sectorial ducts open close to the bifurcation 
B1: Septum between the 2 ducts can be cut and make a common 
channel for a single bile duct reconstruction in recipient. 
C: Anterior and posterior sectorial ducts opening separately, 
posterior duct opening into left hepatic duct 
C1: Independent ductal reconstruction with right and left bile ducts 
or cystic duct and CHD in recipient 
C2: 2 ducts anastomosed separately in recipient, one with bile duct 
and the other with Roux-en-Y jejunal limb 


biliary reconstruction. The advantages are it is technically 
faster, less time consuming, less number of anastomoses, 
more physiologic biliary enteric continuity and sphincter 
of Oddi function is preserved. This provides an easy 
access for endoscopic treatment of post-operative biliary 
complications. Early oral feeding, drug administration 
possible and decreases the risk of ascending cholangitis. 
Most of the centers now a days use duct to duct 
anastomosis without a stent. Figure 12.15 shows different 
anatomical variations in right intrahepatic bile duct and 
type of reconstruction during right lobe grafts without 
a stent.? 

For cystic duct (external) drainage, a 4-French tube is 
inserted through the remnant cystic duct and placed into 
the common bile duct. For external stent, the tube is placed 
through the anastomosis as a splint and is pulled out 
through the CBD, above the duodenum. The tube is 
anchored to the anastomosis with an absorbable stitch. 
Stent can be fixed to the cystic duct with a rubber-band 
hemorrhoid ligator. 

If a stent is to be placed in duct to duct biliary 
anastomosis, it can be placed through cystic duct or 
through common bile duct. If an internal stent is to be 
placed in Roux-en-Y anastomosis, a 2 cm of 18G silicon 
vascular catheter is placed as an internal stent and for 
external stent in Roux-en-Y, the 4-French tube was 
inserted through the jejunum and the tip was placed 
through the anastomosis. The stent tube is usually 
removed in 12-24 weeks after transplantation. 
Postoperative cholangiogram was performed 1 to 2 weeks 
after transplantation, and the tube through the cystic duct 
was removed when there were no further problems. The 


Figure 12.15: Abdominal wound closure with 3 Jackson-Pratt 
drains (2 on the right side and one on left side) 


external stent was removed 3 months after 


transplantation. Whenever significant symptoms were 
observed, an emergency cholangiogram is performed. 3 
Jackson-Pratt drains are usually placed in the abdomen 
(Figure 12.15). One on right subphrenic space, 2nd one 
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around the vascular anastomosis and subhepatic space 
and 3 rd one on left side near the cut surface of allograft. 
This allows the secure identification of location of 
postoperative bleeding or bile leak. Abdomen is closed 
in layers. 


In left lobe LDLT, the LHV and MHV in the recipient 
are used for venoplasty. If necessary, hepatic graft 
venoplasty is also carried out using the LHV and MHV. 
The left medial vein draining segment 4 joined the MHV, 
and this vein and the LHV are divided separately in this 
donor. Venoplasty in the graft is carried out on the back 
table to form a common trunk for the drainage vein of 
the graft. After venoplasty, end-to-end anastomosis of the 
hepatic veins is performed, the donor left portal vein is 
anastomosed to the recipient left portal vein, and the graft 
is reperfused (Figures 12.18 and 12.19). The donor left 
hepatic artery is anastomosed to either the recipient right 
hepatic artery or the left hepatic artery with 9-0 prolene 
sutures, depending on the size match, under direct obser- 
vation with an operating microscope. Bile duct anasto- 
mosis is completed either duct to duct or Roux-en-Y 
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Figures 12.16A to C: (A) Temporary portocaval shunt before 
resection of the recipient's liver. (B) Anastomosis of recipient's left 
portal vein to graft portal vein. (C) Closure of shunt after anastomosis 
of graft portal vein (Modified and redrawn with permission from 
Kawasaki S)" 


hepaticojejunostomy technique (Figure 12.22) with or 
without a T-tube. Graft is usually placed orthotopically 
but may be placed or heterotopically. If a LLG/Lateral 
segment graft is placed heterotopically, there may be 
technical difficulties in the vascular anastomosis due to 
reversed position of hilar structures. 

Portal congestion is a problem in left lobe graft. 
Kawasaki et al described that prevention of portal 
congestion is only necessary during the anhepatic phase 
by a temporary shunt procedure between the right portal 
vein and the inferior vena cava, thus completely avoiding 
portal congestion during surgery (Figures 12.16A to C).!! 


LHV Sup. br, 


anastomosis 


Figures 12.17A to D: Left lobe living donor liver transplantation. 
(A and C) Venoplasty of MHV, LHV and superficial branch of LHV 
in the recipient to form a common trunk (B) Venoplasty of MHV 
and LHV in the graft (D) Final outflow reconstruction (Modified and 
redrawn with permission of H Imamura and Kawasaki S)'1-15 
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Figure 12.21: Recipient liver in a 12 years old patient of 
biliary atresia with previous Kasai procedure 


Figure 12.22: Left lobe graft without MHV in a 12 years old recipient 
of extrahepatic biliary atresia with a previous Kasai procedure. Biliary 
reconstruction performed with external drainage tube 


Figure 12.20: Left lobe without MHV with. 
area of congestion in segment 4 


Figure 12.23: Portal vein in a 2 years old 
child with metabolic liver disease 


Figure 12.24: Liver of a 2 years old child with metabolic liver 


disease (Methylmelonic acidemia) 


The right portal vein is anastomosed end-to-side to 
the IVC, without interrupting blood flow through the left 
portal vein. Blood flow through this shunt is maintained 
until reperfusion of the graft is achieved after end-to-end 


anastomosis between the recipient's left portal vein and 
the left portal vein of the graft. As the volume of the left 
lobar graft is usually much smaller than the hepatic mass 
required by the recipient's metabolic demand in adult 
LDLT, avoidance of portal congestion is considered 
beneficial in minimizing the functional burden on the 
graft. Kawasaki et al. recommended the use of 
postoperative anticoagulant treatment in LDLT as the 
diameter of HA and PV of these vessels is smaller than 
in whole liver transplantation.!? 

Makuuchi et al? demonstrated the techniques used 
for Y-reconstruction of the hepatic venous outflow by end- 
to-end anastomosis after venoplasty in left lobe grafts 
(Figures 12.17A to D). When the superficial branch of the 
LHV did not form a common orifice with the main left 
hepatic vein in the donor, venoplasty to construct such 
an orifice was undertaken to avoid partial congestion in 
grafts with a small volume. 

Takayama et al mentioned that when the caudate 
lobe is harvested along with left lobe, routine 
reconstruction of the veins of the caudate lobe when the 
diameter of the vein is >3 mm. Tanaka K et al devised 
the techniques of modulation of graft portal inflow using 
techniques such as splenectomy, splenic arterial ligation 
(SAL) and porto-systemic shunt. 


Recipient hepatectomy is same as mentioned earlier 
except that pediatric patients are mostly transplanted for 
biliary atresia and most of these patients had already a 
previous Kasai procedure (Hepatoportoenterostomy) or 
had recurrent attacks of cholangitis. Hence more 
adhesions around the hilar area need more careful and 
meticulous dissection to avoid injury to hilar structures 
and jejunum. Once the hepatectomy is completed, the 
lateral segment graft is placed orthotopically on left side. 


HEPATIC VEIN RECONSTRUCTION'5 


Tanaka et al. reported that recipient MHV and LHV are 
joined by venoplasty to increase the diameter of outflow 
vein (Figures 12.25A to 12.29). Graft hepatic vein is 
anastomosed to the recipient common channel of MHV 
and LHV with 6-0 prolene sutures. During this procedure 
(venoplasty), a clamp is applied on the common channel 
of LHV and MHV. If the common channel of MHV and 
LHV is very short, a partial clamp can be applied on the 
IVC for outflow reconstruction. When the V2 and V3 open 


independently, the outflow of V2 and V3 can be 
reconstructed independently with LHV and MHV [Figure 
12.25B]. 

Chen et al reported a different technique of outflow 
reconstruction. The RHV, MHV and LHV are opened 
completely opened (triple venoplasty) to reconstruct 
single wide opening (total IVC clamp is applied during 
venoplasty). This modification creates a wide opening for 
outflow reconstruction (Figures 12.30 to 12.34). 


PV ANASTOMOSIS 


It is the most difficult part in pediatric patients. Many 
biliary atresia patients have atretic portal vein (Figure 
12.36). So various form of modification is required for 
portal vein anastomosis (Figures 12.39 and 12.40). The 
most important part of portal vein anastomosis is to obtain 
enough diameter and length to allow for adequate portal 
flow and to obtain size matching between the graft portal 
vein and the recipient portal vein. Congenital absence 
ofthe portal vein, thrombosed portal vein, atresia of portal 
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Venoplasty- MHV and LHV 
IC 


VÀ LV outfiow 
reconstruction 


A. (i) Venoplasty of MHV and LHV to make a common trunk; (ii) 
Outflow reconstruction by anastomosis of common trunk of MHV 
and LHV of the graft with recipient's common trunk of MHV and 
LHV after venoplasty 


$3 Br. 


S2 and 3 openings separately 
MHV 


Outfiow reconstruction 
S2 and 3 separate 


B. Outflow veins of V2 and V3 widely separated. Curved arrow shows 
the line of transection of hepatic veins; Independent outflow 
reconstruction of V2 and V3 with LHV and MHV respectively 
(Modified and redrawn)’ 


Figures 12.25A and B: Different techniques of outflow 
reconstruction in left lateral segment graft (LDLT) 


—— | 


vein, web in the portal vein, and preduodenal portal vein 
can be encountered in EHBA and often require placement 
of vein graft between the recipient portal vein confluence 
and the donor portal vein. When EHBA is associated with 
polysplenia, there may be abdominal situs that requires 
expert positioning of the allograft during liver 
transplantation.!* 

At dissection of the recipient portal vein during 
hepatectomy recipient portal vein flow is assessed for the 
portal flow by unclamping the portal vein. When there 
is no stenosis leading to reduced portal flow, the native 
trunk for anastomosis is used. When there was diameter 
mismatch, branch patch anastomosis is preferred. When 
the trunk is significantly stenotic (« 4 mm in diameter), 
the native trunk is removed to obtain adequate portal 
flow. The portal vein is usually large enough at the level 
ofthe confluence. But the distance between the confluence 
of a recipient and the graft portal vein is also important. 
When the graft portal vein could reach the confluence, 
ananastomosisis performed between the graft portal vein 
and the confluence (Figures 12.7 and 12.38). When the 
graft portal vein could not reach easily the confluence, 
vein graft is used. The interposition graft technique is used 
when the diameter and the length of the vein graft are 
optimal. The patch technique is preferable when the 
diameter of the vein graft is too small for the interposition 
technique. Major risk of PV anastomosis is portal vein 
thrombosis due to poor flow. If the poor flow is detected 
intraoperatively by Doppler USG with normal HV flow, 
consideration may be given to ligation of coronary vein 
to increase the portal flow. 


Portal vein reconstruction in biliary atresia!615 
(Figure 12.39) 

Type I: Normal diameter of PV: Standard direct end- 

to-end anastomosis. 

Type II: PV diameter is narrow: 

A. Cuff of RPV and LPV is opened for venoplasty to 
widen the diameter and is used for anastomosis with 
graft PV. 

B. Graft PV is anastomosed with the bifurcation/ 
confluence of the recipient right and left portal vein 
(branch patch). 

Type III: Atresia of Main PV 

A. Long donor PV and atretic recipient MPV: 

(i) Graft PV anastomosed with the splenic vein 
(ii) Graft PV is sutured to the confluence of the 
recipient SMV and splenic vein. 

B. A venous graft conduit may be used 

C. A venous patch can be used to enlarge the diameter 
of atretic MPV 

D. A venoplasty technique can also be used 


108 - Liver Transplantation 


Figure 12.28 


Figure 12.27 Figure 12.29 
Figures 12.26 to 12.29: Venoplasty of V2 and V3 in a left lateral segment graft 


Figure 12.30: Arrow shows the line for incising Figure 12.31: Wide opening is made opening 
the RHV, LHV, and MHV the 3 hepatic veins (triple venoplasty) 


Figures 12.30 and 12.31: Shows the venoplasty of RHV, MHV and LHV in a recipient IVC to make a wide opening for outflow 
reconstruction (Triple venoplasty) (Reproduced with permission of Chen CL). 


Recipient Surgery 


Figure 12.33: Line of transection through RHV, MHV and LHV 
to widen the opening for wide outflow reconstruction 


Figure 12.34: Total IVC cross clamp with triple venoplasty of RHV, 
MHV and LHV for construction of a wide outflow for the graft 
(Reproduced with permission of Chen CL) 


Figure 12.35: Different types of vascular clamps used for cross 
clamping of inferior vena cava in a recipient (Reproduced with 
permission of Chen CL) 


Figure 12.36: Atretic main portal vein in a 13-year-old recipient 
with biliary atresia 


Figure 12.37: Portal vein anastomosis in a lateral segment graft 


s -J 
Figure 12.38: Portal vein reconstruction in a lateral segment graft 


Type! Type IIA 
SMV SV 

Type IIB Type IIIA(ii) 

Type IIIB Type IIIC 


Figure 12.39: Different types of portal vein reconstruction in case 


of narrowing or atresia of recipient portal vein. (Modified and redrawn 
with permission of H Egawa)'e4* 


Different vascular grafts can be harvested from the 
donor depending requirement and availability. Different 
sources of vascular grafts are: 


* Left ovarian vein 

* Inferior mesenteric vein 
* External iliac vein 

* Left ovarian vein 

* Left gastric vein 

* Recipient PV or IMV 


Indication for different PV reconstruction techniques 
depends on several factors as shown below. 


Type of PV reconstruction is chosen according to the: 
Diameter of PV 

Wall status of PV 

Length of the recipient's PV 

Diameter and length of the graft PV. 


HEPATIC ARTERY ANASTOMOSIS 
(FIGURES 12.40 AND 12.41) 


It is done by microvascular technique with 9-0 prolene 
sutures. Graft HA may be anastomosed to LHA or the 
HA proper of the recipient. The arterial anastomosis in 
small children is challenging. After the introduction of 
the operating microscope, the incidence of hepatic artery 
thrombosis has decreased dramatically. In situations 
where the recipient hepatic artery is too small in diameter, 
either the infrarenal or supraceliac aortic graft can be used 
to establish arterial inflow to the allograft liver. 


BILIARY RECONSTRUCTION 


Biliary reconstruction (Figures 12.42 to 12.47) is usually 
performed using interrupted 6-0 PDS sutures. Roux-en- 
Y Hepaticojejunostomy is usually performed in children 
who had earlier Kasai procedure. End-to-end choledocho- 
choledochostomy (CC) is possible in older children. In 
small children due to small size of the bile duct, 
postoperative stricture is more common. Placement of 
stent is a matter of debate. Many centers in present 
transplant scenario do not prefer to use stents in biliary 
anastomosis. Doppler USG is performed before closing 
the abdomen to confirm adequate inflow and outflow. 
Abdomen is closed in layers with 2 Jackson-Pratt drains 
(Figure 12.48). 


Graft Regeneration in LDLT 

The liver regenerates rapidly in donors and recipients 
within 6 to 8 weeks, although the majority regenerate in 
the first 2 weeks after transplant. Partial liver grafts and 
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Fi 


Figure 12.41: Graft after reperfusion with (2 hepatic arteries 


reconstructed by microvascular surgery) 


Figure 12.44 


Figures 12.43 and 12.44: Roux-en-Y 
hepaticojejunostomy with a T-tube 


Figure 12.42: Roux-en-Y hepaticojejunostomy 


Figure 12.45: Biliary reconstruction by Roux-en-Y hepaticojejuno- 
stomy technique without a T-tube/biliary stent in a lateral segment 
graft in a biliary atresia patient 


Figure 12.46: Roux-en-Y hepaticojejunostomy without a stent/ 
T-tube (magnified view) (Reproduced with permission of Chen CL) 


Figure 12.47: Different types of biliary probes used during 
intraoperative cholangiogram and bile duct reconstruction 
(Reproduced with permission of Chen CL) 


Figure 12.48: Abdomen closure with a T-tube (arrow) and 2 Jackson- 
Pratt drains in child with lateral segment graft 


remnant donor livers undergo a rapid regenerative 
response.” Three months after the procedure, the liver 
volume slightly exceeds 100% of the SLV in recipients 
but reaches only about 80% of the SLV in donors.?! 
Cirrhotic patients receiving a partial graft show faster 
regeneration than noncirrhotics, which could be due to 
a higher portal flow? higher portal pressure? or a more 
pro-proliferogenic environment in patients with chronic 
hepatic insufficiency. Warm ischemia% and cold 
ischemia” have been shown to impair regeneration after 
partial liver transplantation by interfering with the 
production of interleukin-6 and tumor necrosis factor a. 


Results of LDLT in Japan, USA and Europe 


75.6% 85.6% 81.8% 89% 
3 years 71.7% 84.1% 79.5% 80% 
5 years 69.1% 82.6% 77.5% 80% 


1 year 


66% 80% 75% 


(E) RECIPIENT SURGERY 
TRANSPLANTATION 


OR DECEASED D 


NOR LIVER 


Recipient hepatectomy techniques are different 
depending on the type of IVC anastomosis either 
piggyback IVC-IVC anastomosis or older technique of 
harvesting whole liver along with the donor IVC, after 
resection of part of recipient's IVC and later end-to-end 
IVC anastomosis. Most of the centers now perform 
piggyback technique. For piggyback technique the 
recipient hepatectomy is same as in LDLT recipient 
hepatectomy. But when recipient liver is removed with 
part of IVC, then before transecting the IVC, venovenous 
bypass (VVB) is set up by cannulating the PV (by means 
of the left portal vein orifice: 24-28 French cannula), left 
saphenous vein (22 French cannula), and left subclavian/ 
axillary vein (22 French cannula). Forced cannulation is 
not advised. If there is difficulty in cannulating then it 
should be down sized. Axillary cannulation is sometimes 
difficult due to inadvertent kinking and presence of 
valves. If there is a difficulty in cannulating the portal 
vein due to dense hilar adhesions or large collaterals, then 
IMV/splenic vein may be used for cannulation. 

The IVC is mobilized from the retroperitoneum. After 
the liver is freed from the IVC, a tape is used to control 
the infrahepatic IVC, and vascular clamps are placed 
horizontally in suprahepatic and infrahepatic IVC with 
the liver in normal position and to avoid rotation of these 
vessels. Supra hepatic clamp is placed on the very edge 
of the diaphragmatic reflections to avoid injury to phrenic 
nerve. Divide the IVC, taking care to retain as much as 
of RHV and LHV as possible by pulling up these veins 
by almost cutting into the liver substance. The infrahepatic 
IVC is divided as far as possible and liver is removed 
along with part of IVC. Suprahepatic IVC is now prepared 
by opening the RHV, MHV and LHV into a common 
opening into IVC. Phrenic vein openings are closed with 
4-0 pzolene sutures. 


IMPLANTATION TECHNIQUE 


* Standard technique 
* Piggyback IVC-IVC anastomosis 


STANDARD TECHNIQUE 


The donor liver is now brought into the wound and corner 
stitches are placed in the 2 opposite ends of the IVC with 
a 3-0 prolene and anastomosis is completed on 
suprahepatic IVC. Care is taken to ensure perfect intimal 


opposition. Infrahepatic IVC end-end anastomosis is 
completed in a similar manner. Portal flush is run with 
normal saline or lactate ringer solution and 25 gm of 
albumin per liter through the PV during the completion 
of infrahepatic IVC anastomosis. This flush helps in 
removing air to prevent air emboli as well as to remove 
the excessive high concentration of potassium, resulting 
from preservation solution. The portal bypass cannula 
is now clamped, continuing only systemic VVB. Cannula 
from PV is removed and a vascular clamp is placed. The 
donor PV is shortened as per the need. Recipient PV 
should be kept as long as possible or at least 1 cm, which 
may be useful in case of future need for retransplantation. 
PV end-to-end anastomosis is completed with 6-0 prolene 
sutures to preserve the widest possible diameter as there 
isstretching or PV due to elasticity when the inflow clamp 
is released. Care is taken to avoid kinking, folding or flow 
obstruction. Is there is a mismatch in donor and recipient 
PV diameter a fish mouth reconstruction may be used? 

Different methods of reperfusion of liver after PV 
anastomosis: 

* Reperfusion through PV with/without IVC venting 
* Opening IVC followed by portal reperfusion 
* Reperfusion of PV and HA simultaneously. 

When the PV clamp is released slowly in 3-4 partial 
decompressions keeping an eye on the ECG and blood 
pressure. During reperfusion (the release of inflow clamp) 
care is taken by anesthesiologist to avoid hypotension 
and cardiac arrest by giving high doses of inotropes and 
calcium chloride. Prevent prolonged warm ischemia and 
maintain the PV inflow and IVC outflow as early as 
possible. If there is no bleeding from IVC and PV 
anastomosis, then systemic bypass is discontinued. 
Saphenous vein is ligated and axillary vein is 
reconstructed or ligated. 

Hepatic artery anastomosis is completed by using the 
Carrel patch (with an aortic cuff) on the recipient hepatic 
artery at the gastroduodenal junction or a branching point 
on the donor common hepatic artery, with a running 
suture using 7/0 polypropylene. When there are 
additional arteries like LHA originating from LGA, then 
care is taken to preserve the vessel by proper anastomosis 
with LGA/ Splenic artery or directly to supraceliac aorta. 
Other technique of arterial anastomosis is performed 
between the proper hepatic artery at the level of the stump 
of the gastroduodenal or splenic artery of the graft 
(without an aortic cuff). Jain et al, reporting arterial 


complications in 1000 liver transplant recipients, 
suggested that when there is a redundancy of the hepatic 
artery, instead of the entire length of donor hepatic artery 
with an aortic cuff, a shorter length may bea better option 
witha patch at the level of splenic artery branch. Lorenzin 
et al," reported that application of a technique of arterial 
anastomosis that avoids kinking, redundancy, or 
malposition of the artery is achieved by patching at the 
level of the gastroduodenal artery or the splenic artery 
stump of the graft, representing a better option than an 
aortic cuff (Carrel patch) seeking to reduce the risk of 
arterial complications after liver transplantation. 
Technique of arterial anastomosis is aimed at avoiding 
kinking, redundancy, or malposition of the artery, may 
be a viable option to reduce the risk of HAT after OLT. 

After the gallbladder is removed from the donor liver, 
CBDis shortened proximal to the cystic duct. Choledocho- 
choledochostomy is carried in an end-end (Figures 12.49 
and 12.50) or side-to-side fashion with 6-0 PDS sutures 
with or without a T-tube. Duct to duct anastomosis 
without T-tube drainage is the preferred method. 
Redundancy in bile duct anastomosis is prevented to 
avoid postoperative bile duct obstruction. Donor cystic 
ductis usually ligated and resected to avoid postoperative 
complications like ductocele and bile duct obstruction in 
an inadequately drained cystic duct. 


Roux-en-Y choledochojejunostomy is preferred in 
the following conditions 

* Insufficient length of bile duct 

* Severe mismatch in donor and recipient bile duct 

* Pediatric recipients 

* Excessive pericholedochal collaterals in recipient 

* Retransplantation 

* Extrahepatic biliary atresia in recipient /stenosis like 
PSC, bile duct atresia, etc. 


PIGGYBACK TECHNIQUE 
Synonym: Caval preservation technique (Figure 12.51). 


Calne et al first described this technique for transplanting 
small-for-size grafts.” Piggyback technique is increa- 
singly used in both DDLT and LDLT. It has gained wide 
acceptance when it was described again and popularized 
by Tzakis.* 

This hepatectomy technique avoids clamping of the 
IVC while maintaining flow from the lower half of the 
body to the heart throughout the transplant unlike the 
conventional method which requires clamping of both 
portal flow from the viscera and caval flow from the lower 
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Figure 12.50: Completed duct-to-duct anastomosis 
without a T-tube in DDLT 


Figure 12.51: Side-to-side anastomosis of RHV and IVC in 
right lobe graft LDLT 


part of body. Preservation of cardiac preload serves to 
maintain hemodynamic stability and avoid large 
infusions of fluid volume or vasopressors that may be 
necessary to maintain blood pressure during the 
anhepatic phase. 

In this technique, donor hepatectomy is similar to the 
technique mentioned in LDLT. IVC of the deceased donor 
liver is prepared on the back table by closing the both 
ends of IVC, care is taken to avoid any leak from IVC 
and making a wide opening in the middle part of IVC 
for anastomosis with the recipient IVC in a side to side 
fashion with 4-0 prolene sutures by putting a partial 
vascular clamp on recipient IVC. Care is taken to make 
à wider anastomosis. 


Piggyback Technique? 

Advantages 

* Eliminates the need for venovenous bypass (VVB) 
* Quick, easy to perform and Short warm ischemia time 
as the time spent in IVC anastomosis is saved. 

* Maintain hemodynamic and physiological stability. 

* Less perioperative and postoperative morbidity due 
to lesser blood loss and less renal complications. 


. primes uc uin 
the complexity and risk of this technique. 


ic IVC increases 


ROLE OF TEMPORARY PORTOCAVAL SHUNTS 
(TPCS) IN LIVER TRANSPLANTATION 


Clamping of the portal vein and the subsequent rise in 
portal venous pressure, congestion of the splanchnic bed, 
and intestinal edema led to the description by Tzakis et 
al?? of the use of a TPCS, in which an end-to-side 
anastomosis is formed between the recipient's portal vein 
and infra hepatic IVC. The use of a TPCS has now become 
common practice. Anecdotally, it has been shown to 
improve retrohepatic dissection and decreases the 
splanchnic congestion, but the evidence is scarce. The aim 
of this study was to systematically review the literature 
on the use of TPCS in LT and determine whether there 
is evidence to support its routine use. 

Portal vein clamping induces a reflexive increase in 
systemic vascular resistance that helps to maintain mean 
arterial pressure despite a fall in the cardiac index as a 
result of the interruption of portal flow (Figures 12.524 
to D). However, with re-establishment of portal flow, 


there is a reflex fall in blood pressure as well as the 
elaboration of vasoactive metabolites from the splanchnic 
circulation.*? This is usually short-lived and well 
tolerated, but with prolonged clamping and in the 
presence of hemodynamic instability, the re- 
establishment of portal flow causes results in increased 
permeability of the splanchnic vessels, interstitial edema 
of the gut, and the accumulation of acute inflammatory 
cells with evidence of mucosal cell damage.**5 With the 
release of portal clamping, inflammatory cytokines are 
released into the liver and subsequently the systemic 
circulation, leading to vasodilatation and end organ 
damage, including subpericardial hemorrhage, 
myocardial necrosis, and pulmonary infiltration and 
edema. It has been postulated that a temporary 
portocaval shunting prevents splanchnic congestion and 
helps to maintain portal venous return, thereby 
abrogating the regional and systemic consequences 
associated with prolonged portal vein clamping. It was 
initially recommended in fulminant hepatic failure with 
portal hypertension in the absence of portosystemic 
venous collaterals. 

Figueras et al? reported that only 55% of patients with 
a TPCS required a blood transfusion versus 78% of 
patients without a TPCS. The clinical benefits of a TPCS 
appear to be greatest in patients with severe portal 
hypertension and high portal flow. In patients with a 
portal flow of greater than 1000 mL/minute and a 
portocaval gradient of greater than 16 mm of Hg, only 
33% of patients with a TPCS required a blood transfusion 
versus 85% of patients without a TPCS.?? 

A number of studies have demonstrated an 
improvement in renal function with the use of a TPCS.3142 
In a prospective randomized trial comparing patients 
with a TPCS and patients without one, Figueras et al? 
demonstrated that the urine output during 
transplantation was greater in all patients with a TPCS 
but reached statistical significance only in those patients 
with both high portal flow (21000 ml/min) and high 
portocaval gradient (>16 mm Hg). In addition, 
postoperative serum creatinine levels were stable in 
patients with a TPCS, whereas the serum creatinine 
increased over the first 48 hours post-transplant in those 
without one. 


TEMPORARY PORTOCAVAL SHUNT HAS THE 

FOLLOWING ADVANTAGES‘? 

* Intraoperative cardiovascular stability and decreases 
blood transfusion requirement 

* Improvement in renal function 

* Reduces the urgency to implant the liver graft 


B. Whole liver before portal perfusion 
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D. Whole liver after PV and HA reconstruction 


Figures 12.52A to D: Marked color change from a pale looking liver to well vascularized organ 
after reconstruction of portal vein and hepatic arterial flow 
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INTRODUCTION 


Graft reperfusion during orthotopic liver transplantation 
(OLT) is generally associated with a variety of transient 
haemodynamic disturbances.? Post-reperfusion 
syndrome (PRS) is defined as a decrease in mean arterial 
pressure (MAP) to >30% below the baseline value for at 
least 1 minute, occurring during the first 5 minutes after 
reperfusion.> PRS presents as systemic hypotension and 
pulmonary hypertension. PRS occurs in 15 to 30% of cases, 
resulting in intense hemodynamic instability.4> 


ETIOLOGY OF PRS 


Many potential mechanisms for the hemodynamic 
changes in PRS have been proposed including 
* Sudden influx of cold, acidic, and hyperkalemic 
blood®” 
* Minute air and Thrombotic embolization 
* Release of vasoactive substances (Arginine and 
Thromboxane A2) from the graft.5? 
* Prolonged cold ischemic time (CIT).!5 
Acute hyperkalemia (>6 mEq/L) caused by influx of 
potassium from the liver at the beginning of reperfusion 
may induce various arrhythmias and myocardial 
depression, or “cardioplegia.”"” Hyperkalemia reduced 
conduction velocity and myocardial contractility by 
decreasing the resting membrane potential and the 
number of open calcium channels during depolarization.* 
Treat the possible increase in serum potassium during 
the anhepatic phase 8 and before reperfusion.i? 
Allografts withstand poorly to prolonged CIT. The 
ischemia and reperfusion that accompany organ 
transplantation are known to be associated with release 
of proinflammatory mediators, generation of free radicals, 
neutrophil sequestration, and activation. More vasoactive 
substances such as arginase, thromboxane A; are released 
from these prolonged or poorly preserved grafts into the 


recipient systemic circulation on graft revascularization. 
Chui et al. reported that it is important to keep the CIT 
short and to perform the wash out when dealing with 
suboptimal grafts to reduce the risk of significant PRS.'5 

Hemodynamic changes during the anhepatic period, 
especially systemic vascular resistance (SVR) increase has 
been suggested to correlate with the occurence of PRS 
but mean arterial pressure and cardiac output have no 
effect on occurrence of PRS.!! Ayanoglu et al reported 
that unclamping of the porta vein (but not inferior vena 
cava) might be the main cause of PRS because this blood 
represents a source of vasoactive or inflammatory 
mediators released after reperfusion of the new liver. 


PREVENTION AND TREATMENT OF 
REPERFUSION SYNDROME 

To reduce the risk of PRS occurrence, it is advisable to 
keep the CIT short, and to routinely wash out the liver 
graftimmediately prior to revascularization with cold and 
warm albumin based solutions during OLT to minimize 
the effects of hyperkalemia and hypothermia. 
Venovenous bypass has been reported to be ineffective 
in preventing PRS.!? 


Before reperfusion, prophylactic treatment consists of 

* Atropine (0.2 mg/kg) 

* Sodium bicarbonate (1 mEq/kg) 

* Calcium chloride (0.5 g) or of Calcium gluconate (1- 
2g 

* 20% Mannitol 

* Hyperventilation. 

During the first 5 minutes after reperfusion, a decrease 
in MAP >30% below the baseline and a tendency to 
continue decreasing were diagnostic of PRS and 
immediate treatment to correct hypotension includes: 
* Ephedrine (5 to 10 mg) or 
* Adrenaline (10- to 50-ug IV bolus doses) 


PRESERVATION INJURY 

Preservation injury (PI) is the hepatocyte injury due to 
cold preservation or reperfusion of the allograft. 
Preservation injury is common following cadaveric liver 
transplantation. Severe PI may result in initial poor 
function or primary nonfunction. The laboratory 
abnormalities include a marked increase in AST and ALT 
levels during the first 24-48 hours after transplantation, 
with subsequent slowly declining levels. Later, serum 
alkaline phosphatase and bilirubin levels are elevated. 
These changes occur in the absence of other recognized 
causes of graft failure. The diagnosis is made by liver 
biopsy, but hepatic arterial thrombosis can causea similar 
histologic appearance and must be excluded by DUS 
studies. 
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PRE-TRANSPLANT PV THROMBOSIS IN 
RECIPIENT 


Portal vein thrombosis (PVT) is no longer considered an 
absolute contraindication for liver transplantation (LTX). 
A variety of surgical techniques have been used to provide 
satisfactory portal vein inflow to the liver graft in the 
presence of portal venous thrombosis in the recipient.’ 
Incidence of pretransplant PVT in recipients is 2 to 26% 
in liver transplant patients.?^ Recurrence rate of 
thrombosis after initial eversion thrombectomy during 
transplantation is 2.4 to 28.5%.> Studies have indicated 
improved outcomes among recipients with PVT with 
lyear survival of 85% and similar 3 years and 6 years 
mortality rates between recipients with or without PVT.5 
PV flow (PVF) « 5 mL/min/kg is a risk factor to develop 
graft PVT, a search and occlusion of a spontaneous shunt 
is recommended to avoid the steal.” Another option is 
to perform a Reno-portal anastomosis (RPA).5 In the 
scenario of poor PVF diagnosed prior to transplantation, 
an arterial reconstruction should be performed first to 
prevent graft failure.* 

Farlier studies reported that PVT associated with liver 
transplantation increased surgical complexity, transfusion 
needs, and prolonged interventions. In addition, all of 
these studies showed increased postoperative 
complications: acute pancreatitis, recurrent PVT, kidney 
failure, and severe graft dysfunction.!'-12 


Risk factors for PVT in cirrhosis!15 
* Male sex 
* Previous treatment of portal hypertension 
* Advanced cirrhosis 
* Hypercoagulable state 


PATHOGENESIS OF PVT®? 


The pathogenesis of PVT among patients with liver 
cirrhosis is still unclear, but can be explained as 
mentioned below: 

* Decreased portal blood flow and the presence of 
periportal lymphangitis and fibrosis may be associated 
with the development of portal vein thrombus. 

* Coagulation factors and anticoagulation factors are 
altered, because of reduced liver synthetic activity 
which is a possible precipitating factor for PVT. 

* Other risk factors are splenomegaly, the width of main 
portal vein, and the terminal stage of liver function. 

* Liver cirrhosis concomitant with hepatocellular 
carcinoma enhances the tendency for PVT 
development. 

* Cancer is associated with PVT through a combination 
of neoplasm related prothrombotic changes and either 
compression or the surgical injury to the portal vein. 


Compensatory mechanism in case of 
PVT in cirrhotic patients 

Increased liver blood flow through the hepatic artery 
Rapid development of tortuous collateral veins 
around a thrombosed portal vein. 

Portal hypertension due to PVT is prehepatic, charac- 
terized by a high pressure in the obstructed splanchnic 
bed, which results in extensive portal-systemic 
collateral circulation and hyperdynamic flow due to 
the reduced systemic vascular resistance associated 
with high cardiac output. 


DIAGNOSIS 


Doppler ultrasound is the first line investigation and have 
a diagnostic sensitivity and specificity of 73 and 99%, 


respectively.15 2-phase CT Scan and MR angiography can 
provide excellent visualization of portal vein thrombosis 
and can facilitate the differentiation of thrombosis from 
slow flow.!5 Angiography is no longer used for routine 
pretransplant assessment of recipient. Angiography can 
accurately delineate the extent and precise localization 
of PVT and provide information about the patency of 
regional collaterals, which could potentially be used for 
a portal vein anastomosis during LTX. An angiogram is 
particularly required to grade PVT in all unclear 
situations, as various forms and extents of PVT require 
different surgical strategies.!5 


GRADING OF PVT 


Yerdel et al'? classified PVT into four grades basing on 
the intraoperative assessment 


GRADING OF PORTAL VEIN THROMBOSIS? 


Grade 1: PVT in <50% of vessel lumen + Minimal 
extension to SMV; Grade 2: PVT in >50% of vessel lumen 
occlusion or total occlusion + Minimal extension to SMV; 
Grade 3: Complete thrombosis of both PV and proximal 
SMV. Distal SMV is open along with presence of dilated 
collaterals; Grade 4: Complete thrombosis of both PV and 
proximal as well as distal SMV along with presence of 
fine collaterals (Figure 14.1). 

The majority of patients with PVT can be managed 
by PV thrombectomy. Venous conduits were required for 
20% of OLT recipients in this series.**+5 Most authors have 
suggested eversion thromboendovenectomy (ETEV) as 
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Figure 14.1: Shows grade | to IV portal vein thrombosis 
(Modified and redrawn with permission from Laura Llado)* 


the surgical technique of choice for PVT grades I, II, and 
TII.22 [n cases where the thrombus extends beyond the 
junction of superior mesenteric and splenic veins (grade 
IV), ETEV is often unsuccessful and vein grafts have to 
be taken into account.152)?! One possible graft type in 
this situation is a jump graft to a patent segment of the 
proximal SMV using an iliac vein segment of the donor. 
The vein graft should be tunneled through the transverse 
mesocolon and positioned anterior to the pancreas and 
posterior to the pylorus. This approach to gain splanchnic 
inflow from the proximal SMV avoids extensive 
peripancreatic dissection and associated morbidity?! In 
all cases if the SMV is also thrombosed, the coronary vein 
or large, unnamed collateral veins can also be potentially 
used to provide portal venous inflow.!6192! 
Postoperatively, all these patients are treated with 
anticoagulant therapy. 


SURGICAL TREATMENT PLAN OF PVT (GRADE I TO IV) 


Various surgical treatment options for PVT 
* End-to-end portal anastomosis +/- Thrombectomy 
* Thrombectomy +/- SMA anastomosis 
* Thromboendovenectomy 
* Reconstruction with an interposition graft or vascular 
jump grafts between donor and recipient PV/ SMV 
* Anastomosis with a collateral vein 
e Cavoportal hemitransposition 
* Portal vein arterialization 
* Renoportal anastomosis (RPA) 
* Combined liver-intestine transplant 


Grade | 


End-to-end portal anastomosis + /- Thrombectomy. When 
thrombectomy is performed, eversion of the vein and 
sharp dissection of the thrombus and sometimes resection 
of part of PV is necessary until complete patency is 
achieved. Portal inflow is measured to confirm adequate 
flow. If flow is inadequate other procedures should be 
tried. 


Grades II and Ill 


Grades II and III can be resolved by thrombectomy. 
Anastomosis at the confluence of SMV may be required. 
If the PV lumen is narrow due to a fibrosis of the wall, 
an anastomosis can be performed to either the coronary 
vein ora large collateral vein or by use of an interposition 
graft or vascular jump graft from donor iliac vein to 
anastomose to SMV/SV junction (Figures 14.2 to 14.5). 
If PVF is low (<800 mL/min), search for residual 
thrombus or spontaneous splenorenal shunts and/or 
ligate the coronary vein to improve portal flow.?5 For 


Figure 14.2: Vascular graft anastomosed to the junction of 
SMV and splenic vein 


Figure 14.3: Completed anastomosis and displacement of 
vascular clamp to check any leak in the anastomosis 


"igure 14.4: Vascular graft tunneled through retroduodenal area, 
interior to pancreas and brought anteriorly close to the graft (to 
ve placed) for anastomosis 


Liver Transplantation 


Figure 14.5: Completed portal vein anastomosis, dilated portal 
vein (vascular graft) after release of vascular clamps 


portal vein reconstruction, cryopreserved vascular grafts 
should not be used as the long term results of patency 
is not good. Fibrosis and contraction of the graft, leading 
to stenosis of portal vein requiring further intervention. 


Grade IV 
Anastomosis to either coronary vein or another large 
collateral vein. If no collateral veins available, in such 
cases there is a controversy regarding the treatment 
option. Various techniques are described, such as?*?* 
* Cavoportal hemitransposition (CPHT) 
* Portal vein arterialization 
* Renoportal anastomosis (RPA) 
* Combined liver-intestine transplant 

All of these procedures are technically complicated and 
are associated with high mortality, may not resolve portal 
hypertension.” If no suitable collateral vein is found in 
grade IV type, LTX may be contraindicated due to its poor 
outcome.” 


CAVOPORTAL HEMITRANSPOSITION (CPHT) 


Portocaval transposition was first described by Child et 
al? in 1953. It was performed to study hepatic and 
gastrointestinal physiology. The suprarenal IVC and 
proximal PV are transposed, supplying the hepatic 
venous inflow with systemic venous return while 
shunting the mesenteric circulation systemically. In 1967 
Marchioro et al. described partial portocaval 
transposition in an experimental animal model where the 
right or the left PV branch was detached from the main 
PV and revascularized by end-to-end anastomosis to the 
suprarenal IVC, resulting in one lobe with systemic IVC 
inflow and the other retaining the portal inflow. 


Tzakis et al% who introduced the term cavoportal 
hemitransposition to describe the procedure in which the 
supra-renal IVC constitutes the sole portal inflow to the 
liver allograft in nine patients undergoing liver 
transplantation. The low portal venous blood flow 
following end-to-end portal vein anastomosis could only 
be augmented by the addition of systemic venous return. 

Cavoportal transposition is a nonphysiological 
procedure that was performed in the pretransplantation 
era in experimental animal models to study the effects 
of systemic venous flow on the liver. It was found that 
liver function tests and histology were normal, but 
because of the high portal flow, liver congestion and 
retroperitoneal collaterals developed.*! Conventional 
portocaval transposition is not feasible in patients with 
PVT. Thus a modification has been described where the 
supra-renal IVC is transposed into the portal circulation 
(cavoportal hemitransposition) constituting half of the 
reconstruction originally described. This procedure relies 
on spontaneous shunting to decompress the mesenteric 
venous system to avoid the complications associated with 
portal hypertension. 


COMPLICATIONS OF CPHT**37 


* Petal hypertension (when GRWR ratio is «0.8 and 
Portal flow » 2 L/min) 

* Severe ascites 

Renal insufficiency 

* Variceal bleeding 


Surgical techniques for portal vein 
reconstruction in grade IV PVT? 

A. End-to-end cavoportal anastomosis between the 
native IVC and graft PV 

B. Side-to-end cavoportal anastomosis between native 
IVC and graft PV with retro-hepatic caval vein 
constriction. 

C. Side-to-end anastomosis between native IVC and 
graft PV preserving the retro-hepatico caval flow by 
calibration of retrohepatic caval vein. 

D. End-to-side cavoportal anastomosis using donor 
iliac vein interposition graft distal to the 
conventional PV anastomosis. 

E. Renoportal anastomosis (RPA): End-to-end 
anastomosis between native left renal vein and graft 
portal vein. 


Bakthavatsalam et al? reported the use of cavoportal 
shunt in PV thrombosis. They reserve this procedure for 
unique cases where the more traditional methods for 
obtaining portal inflow to the transplanted liver are not 
feasible or prove unsuccessful. A cavoportal shunt does 
offer the advantage of mesenteric decompression 


compared with portocaval hemitransposition. A possible 
modification of this procedure, to limit the hepatic 
congestion, would be the use of the left renal vein, which 
would offer enhancement of venous return without the 
volume or pressure transmitted from the IVC. The use 
of this procedure in patients with existing distal 
splenorenal shunts has been reported.’ So in every case 
of PVT, initially look for the SMV or splenic vein or 
accessible collateral vein or IMV for alternative 
procedures. 


PORTAL VEIN ARTERIALIZATION (PVA) 
DIFFERENT TECHNIQUES 


* PVA is created by laterally anastomosing hepatic 
artery to the portal vein. Arterial reconstruction is 
performed by anastomosing the gastroduodenal 
stump to the donor celiac trunk. In LDLT, hepatic 
artery of theallograft can be anastomosed to the supra- 
celiac aorta after PVA. 

* PVA is performed using a donor iliac graft between 
the aorta and graft portal vein. Recipient portal vein 
is ligated. 

* Donor portal vein may be anastomosed to the branch 
of the iliac artery. 


TECHNICAL COMPLICATIONS OF PVA 


Portal Hypertension and Increase the 

Risk of Variceal Bleeding 

PV remains completely disconnected from the splanchnic 
area because high pressure from the arterial system and 
the lack of drainage of mesenteric blood is the main cause 
of for the bleeding risk. 


Liver Allograft Injury and Right-sided Heart Failure 


This problem can be addressed by artificial stenosis of 
the artery proximal to the anastomosis to decrease blood 
flow, aiming at a portal blood flow of approximately 0.6 
to 0.8 L/min1; while arterial blood via the portal vein 
can promote and enhance liver regeneration.” 

Neelamekan et al? reported complications due to 
portal hypertension that required surgical disconnection 
ofthe arterioportal fistula, or performing a portosystemic 
shunt.?! Auxiliary heterotopic liver transplant with PVA 
has been used in cases of fulminant hepatic failure with 
the aim of leaving the hilum of the native liver untouched 
and preserving all portal inflow. Therefore, the native 
liver has the optimum chances of rapid regeneration. PVA 
is an acceptable salvage alternative when insufficient 
portal venous flow to the graft is present and normal liver 
function can be achieved.” 


Post-transplant Follow-up and Arterialized Hepatic 
Allograft Study 

Postoperative recurrence rate of PVT ranges from 0% to 
30%. Recurrence depends on the size of the portal vein, 
extension and severity of preoperative thrombosis and 
also on the time the transplantation performed.* Portal 
decimalization and reconstruction with endovascular 
stents are emerging effective radiological procedures to 
treat PVT. Portal blood flow and signs of portal 
hypertension (ascities, esophageal varices) are evaluated 
by abdominal DUS, upper GI endoscopy, and helical CT 
scan.? Liver biochemistry also gives a clue to the 
diagnosis. If hepatic infarctions in the liver develop 
despite performed thrombectomy, they need to be 
monitored to recognize focal abscess formation or to 
evaluate resolution of infarction foci. According to many 
authors the best diagnostic tool for such follow-up is CT 
examination, and infarction areas are seen at CT as wedge- 
shaped, low attenuation, peripheral lesions.** 


Renoportal Anastomosis 


RPA was firstly described by Sheil and later modified with 
a venous interposition graft by Kato and Azoulay.5-7 For 
RPA the left renal vein is always used. A renoportal end- 
to-end anastomosis is performed between the native left 
renal vein and the portal vein of the graft. This vascular 
reconstruction is used for patients with a pre-existent 
patent spontaneous or surgically constructed distal 
spleno-renal or lienorenal shunt (without dismantling the 
shunt). 


Combined Liver-intestine Transplant 


When extensive splanchnic venous thrombosis is present 
and sufficient portal blood flow to the liver graft cannot 
be restored, combined liver and intestinal transplantation 
is an option2!3 


ARTERIAL COMPLICATIONS 
Pretransplant Hepatic Artery Thrombosis 


In pretransplant conditions this complication is less 
common than PV thrombosis. But adequate arterial blood 
flow to the graft is important to avoid biliary ischemia. 
If the recipient hepatic artery is thrombosed, the options 
for the hepatic arterial reconstruction are by anastomosis 
to: 
* Infrarenal aorta using an arterial conduit 
* Supra celiac aorta 

— Direct anastomosis 

- Indirect anastomosis using an arterial conduit 
* Anastomosis to the splenic artery 


Liver Transplantation r 


The arterial conduit used from the donor iliac artery 
or cryopreserved arterial graft. Apart from iliac vessels 
from cadaveric donors,? the other preferred vascular 
conduits are saphenous vein,* splenic artery,? and 
sigmoid artery,» etc. 

Long term patency rate of the arterial conduits is less 
than the direct anastomosis. Itabashi et al. reported the 
use of right gastroepiploic artery*! for hepatic artery 
reconstruction. Patency rate is higher in direct supraceliac 
anastomosis and use of a short arterial conduit. End to 
end splenic arterial anastomosis is less preferred as it 
decreases the portal flow by 20 to 40%, For splenic arterial 
anastomosis, distal part of splenic artery is ligated and 
end to end anastomosis is done. 


PREVIOUS SHUNT PROCEDURES 


Brems et al. reported that previous abdominal surgery, 
and portocaval shunts in particular, should be avoided 
in potential candidates for OLT.5 Whereas others*95657 
have found no significant differences in the outcomes of 
patients with and without previous PSS. Menegaux et 
al.5 reported that the patients in whom TIPS had been 
installed presented less intraoperative consumption of 
blood products secondary to less blood loss owing to 
control of portal hypertension. Surgical shunt procedures 
in ESLD are obsolete in present days after the introduction 
of TIPS. The recipient with previous TIPS (Figures 14.6 
and 14.7) should be properly evaluated by CT scan for 
the position of the TIPS stent. If the stent migrates into 
the IVC or into the portal vein, there will be difficulty 
in mobilizing the liver and subsequent inflow and outflow 
reconstruction. Misplacement of the TIPS, most frequent 
in cirrhotic, atrophic, or small livers, is the main cause 
of technical complications that require the interposition 
of vascular grafts.5* 55 Guerrini et al reported that 28% 


Figure 14.6: Recipient liver with previous TIPS for control of variceal 
bleeding due to HBV related cirrhosis and portal hypertension 


Figure 14.7: Portal vein with transjugular intrahepatic 
portosystemic shunt stent (TIPS) 


(17 out of 61 patients) of his series, TIPS had migrated, 
increasing the time spent on bypass and complexity of 
the recipient operation.” Regarding the surgical shunts 
DSRS (distal splenorenal shunt) is the best that can be 
done in ESLD patient on waiting list. Other surgical 
shunts are best avoided in these patients. 
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INTRODUCTION n 3 
Adult living donor liver transplantation has been widely 
expanded in the world after the introduction of right lobe 
grafting.’ This expansion was hampered by the issues 
of morbidity and mortality in living donors undergoing 
right lobectomy.* Some institutions, especially in Japan, 
were extending Adult LDLT using a left lobe graft (LLG) 
for selected patients.>° 

Small for size syndrome is defined as graft that is 
smaller than the required liver volume or weight. 


Manifestations of small for size syndrome (SFSS)*? 

* Persistent hyperbilirubinemia and elevations of AST 
and ALT. 

* Coagulopathy 

* Ascites 

* Portal hypertensive bleeding 

* Renal dysfunction after transplantation 

* Pulmonary complications 

* Encephalopathy 

* Irreversible graft failure leading to death in absence 
of retransplantation. 


A partial liver graft unable to meet the functional 
demands of the recipient results in liver failure including 
coagulopathy, ascites, prolonged cholestasis and 
encephalopathy, often associated with pulmonary and 
renal failure, and frequently leads to death of the recipient 
in the absence of retransplantation.! This ill-defined 
Clinical picture is considered to be primarily linked to an 
insufficient graft size, and hence termed 'small-for-size- 
syndrome' (SFSS). In Japan, multi-center studies have 
shown that the incidence of postoperative complications 
was higher for right lobe donation than for left lobe 
donation, and that the incidence of biliary tract 
complications was also higher for right lobe donation.!? 


Based on this morbidity, LLG for adult recipient is 
being reexamined. The minimum amount of liver graft 
necessary for successful transplantation for adult 
recipients is proposed to be greater than 0.8% of GRWR." 
Small for size graft (SFSG) is defined as less than 0.8% 
of GRWR,” SFSS can occur in a range of GRWR 0.8-1% 
and in rare instances in grafts with greater than 1% of 
GRWR despite sporadic successes using small grafts less 
than 0.8% of GRWR. 

Pierre-Alain Clavien et al.? divided SFSS into 2 types 
* Small for size dysfunction 
* Small for size nonfunction. 


PROPOSED DEFINITION OF SMALL FOR SIZE 
SYNDROME (SFSS) — — 
SMALL FOR SIZE DYSFUNCTION (SFSD) 
SFSD is the dysfunction of a SFSG less than 0.8% of GRWR 
during the first postoperative week after the exclusion 
of other causes.'? Graft dysfunction is defined as presence 
of 2 of the following criteria on 3 consecutive days: 

e Bilirubin >100 pmol/l, 

* INR > 2, 

* Encephalopathy grade 3 or 4. 


SMALL FOR SIZE NON-FUNCTION (SFSNF) 


Failure of a SFSG less than 0.8% of GRWR during the 
first postoperative week after the exclusion of other 
causes. 
Graft failure is defined as a condition which re- 
transplantation or ends in death of the recipient. 
Exclusion criteria (Other causes of graft dysfunction or 
nonfunction)!? 
* Technical (e.g. arterial or portal occlusion, outflow 
congestion, bile leak), 


* Immunological (e.g. rejection), 
* Infectious (e.g. cholangitis, sepsis). 


Factors contributing to pathogenesis of SFSS 

Graft related 

— Graft size (GRWR < 0.8%) 

— Pre-existing liver disease (e.g. steatosis) 

- Donor age 

— Regeneration 

— Vascular inflow (portal hyperperfusion, arterial 
hypoperfusion) 

Recipient related 

— Preoperative recipient condition 

— Degree of portal hypertension 


Parenchymal injury due to reperfusion results in pro- 
longed hyperbilirubinemia and impaired regenerative 
capacity ultimately resulting in infection.!! Survival after 
transplantation of a small partial graft has been shown 
to be lower for Child B and C recipients compared to Child 
A, while the difference was less pronounced with larger 
grafts.? In another study, SFSS developed much more 
frequently in cirrhotic recipients of small grafts (mean 
GRWR 0.79%) than in noncirrhotics.!* Importantly, the 
safe threshold for liver volume was higher in cirrhotics. 


MEDICAL MANAGEMENT OF SFSS 


* FK 409, FTY 720, Heme oxygenase -1 and IL-10 are 
useful in SFS syndrome!* 
* FK 409 may reduce the portal pressure by!® 
- Decreased production of inflammatory cytokines 
and chemokines such as nitric oxide synthetase, 
TNF-a and macrophage inflammatory protein 2. 
- Increase the production of IL-10 and Heme 
oxygenase -1. 
* FTY 720, an immune modulator acts is useful in SFSS 
and acts by!” 
- Sequestration of peripheral blood lymphocytes to 
secondary lymphoid organs, 
~ Activation of cell actival Akt signaling and down 
regulation of MAPK pathway 
- Vasoregulatory protection of integrity of hepatic 
sinusoids 
Graft over perfusion, severity of portal hypertension, 
increase in portal vein flow (PVF) and portal vein pressure 
(PVP) are important predictors of graft failure in SFSG.* 
Graft survival deteriorated significantly when PVP was 
more than 20 mm Hg in the early postoperative period. 
In addition, PVP was significantly elevated when GRWR 
was less than 0.8%. Histological examination showed the 
parenchymal injury caused by high PVP.!5 


Inflow modulation is effective in preventing SFSS in 
LDLT using SFSG greater than 0.6% of GRWR.?!? The 
impact of high PVF and PVP on the graft function has 
led to the development of techniques of inflow 
modulation as shown in the table below. 


Different techniques of inflow modulation!^?* 

* Splenic artery ligation (SAL) 

* Splenorenal shunt 

* Splenectomy 

* Mesocaval shunt with downstream ligation of the 
superior mesenteric vein (SMV) 

* Hemi-portocaval shunt (HPCS) 

* Preservation of spontaneous portosystemic shunts 


SAL has not been uniformly successful in modulating 
PVP (portal venous pressure) because of early rebound 
of PVP.* Splenectomy is able to lower PVP, but it cannot 
be recommended as a routine procedure. In addition, 
portal vein thrombosis is one of the lethal complications 
of splenectomy. Another method of inflow modulation 
is the creation of an artificial portosystemic shunt by 
diverted the superior mesenteric venous flow by 
mesocaval shunt with downstream ligation of the SMV, 
however, long term follow up of this procedure has not 
been reported. 

Kyoto group developed an algorithm for graft selection 
in which left lobe donation is considered primarily if the 
GRWR is estimated to be greater than 0.6% in 
preoperative assessment with utilization of a HPCS based 
on PVP. Purpose of HPCS is to reduce the PVP. 


GRAFT SELECTION AND CRITERIA FOR HPCS 


Graft selection and criteria for HPCS (Hepatoportocaval 
shunt)”: Yamada et al. reported an algorithm for selection 
of HPCS. Kyoto group? used LLG as first choice when 
GRWR of LLG was more than 0.6% in preoperative 
volumetry and RLG transplantation when estimated 
GRWR of LLG was less than 0.6% and estimated GRWR 
of RLG was greater than 0.6% after confirming that the 
remnant liver volume was larger than 30% of the whole 
liver. When actual graft volume (GV) was less than 1.0% 
of GRWR and PVP was more than 20 mm Hg at the time 
of laparotomy, they considered the construction of HPCS 
with the branch of recipient portal vein. 

In left lobe graft: 
1. When the GRWR is <0.6%, right lobe graft is harvested. 
2. When the GRWR is 0.6% to 1% 

a. Portal vein pressure >20 mm of Hg: HPCS is 

considered 
b. Portal vein pressure <20 mm of Hg: No portal flow 
modulation 

3. When the GRWR is >1%: No portal flow modulation. 


MEASUREMENT OF PORTAL VEIN PRESSURE^* 


A 16-gauge antithrombotic catheter is inserted through 
the IMV after recipient laparotomy. The tip of the catheter 
was positioned approximately 7-8 cm from site of 
insertion and then exited from the abdominal wall. PVP 
is monitored continuously using a transducer during the 
recipient operation. PVP and CVP measurements(usually 
«10 mm of Hg) are done at the time of laparotomy, just 
before temporary portocaval shunt in anhepatic phase, 
just after PV reperfusion, just after arterial reperfusion 
and before abdominal closure. 

Shunt function is confirmed by noting an increase in 
PVP after shunt clamping. PV flow direction and velocity 
are assessed with Doppler US after arterial reperfusion. 
Continuous monitoring PVP and CVP for additional 5 
days if the PVP is more than 20 mm Hg at the end of 
operation in spite of a functioning shunt. The catheter, 
which is reinforced using rubber bands intra-operatively, 
is pulled out in the ICU. 


SURGICAL TECHNIQUES?5 


Graft is weighed ex-situ after portal flushing with HTK 
solution and decision is taken to construct HPCS. A 
crucial point of hilar dissection in HPCS cases is to leave 
the pedicle of PV with the greatest possible length. The 
RPV and LPV are dissected distal to the bifurcation with 
dividing a few small branches at the level of the hilar 
plate. The right PV branch is usually short, but with large 
diameter, in contrast, the left PV branch is prepared with 
a longer pedicle, which attenuated gradually near the hilar 
plate. To elongate the PV pedicle, the trunk is dissected 
proximately from the surrounding tissue. To avoid 
splanchnic congestion during the anhepatic phase, a 
temporary end to side portocaval shunt between IVC and 
PV branch is constructed in all cases. In HPCS, the distal 
end of the PV branch is anastomosed with IVC using a 
vein graft since a short shunt may seriously hamper 
adequate mobilization and difficulty in anastomosis of 
with RPV. When more time is needed to obtain a vein 
graft, a temporary portocaval shunt first. The inter- 
positional vein grafts is obtained from the auto PV branch, 
recipient paraumbilical vein or left renal vein. In RLG, 
recipient RPV and graft PV is anastomosed and in LLG, 
the anastomosis is conducted between recipient left portal 
branch and graft portal vein (Figure 15.1). 

During anastomosis of PV, the recipient PV is cut near 
the bifurcation leaving a diameter as large as possible. 
Reperfusion of the graft is performed after opening the 
shunt in order to avoid hyperperfusion. In cases without 
HPCS, the temporary shunt is divided and closed, and 
then PV reconstruction is done in an ordinary fashion. 


MPV PV catheter 


Figure 15.1: Left lobe graft implantation with portocaval shunt. Right 
PV branch is anastomosed to IVC with a vein graft. Left PV branch 
is anastomosed to graft portal vein. (Modified and redrawn) (Yamada 
T et al)? 


EVALUATION OF SHUNT PATENCY 


* PVFand velocity in the graft are evaluated by Doppler 
US. Doppler US is performed every day for 2 weeks 
after operation and once a week after patient discharge. 

* Theregeneration rate is determined on the basis of the 
increase of GV by CT volumetry at 1, 3 and 6 months 
postoperatively. 

* Shunt patency is confirmed by both MDCT and US 
at the same intervals postoperatively. 

Graft size is a key factor for overcoming SFSS. SFSS 
leads to inhibition of graft regeneration resulting in graft 
failure within 2 or 3 months in approximately 50% of 
recipients.” So RLG LDLT is more popular in most 
centers. Basani et al.” described that Octreotide (0.5 ug/ 
kg/h) and (50 ug/kg/min) infusion allowed a 
manipulation of portal vein pressure, which ought to 
always be measured in left lobe transplantation with a 
small-for-size graft. Troisi et al.?? reported that the 
reduction of PVF by means of HPCS improves overall 
patient survival and risk of complication by avoiding the 
occurrence of SFSS in grafts less than 0.8% of GRWR in 
adults. By doing HPCS the graft PVF is adjusted to around 
two times of the PVF, which was recorded in the donor 
side with banding of HPCS to decrease excessive shunting 
and prevent a steal phenomenon. HPCS can avoid the 
initial graft injury due to high PVP, and provide adequate 
PVF to the graft. 

A study from Kyoto University Hospital and Kobe City 
General Hospital, Japan shows that if left lobe grafting 
is selected, GRWR would have been =1% in 10% of the 
patients, 0.8-1.0% in 10% of the patients, 0.6-0.8% in 55% 
and <0.6% in 25%. Earlier reports of left lobe Adult LDLT 


series (1994-2001), the patient survival was 82.1% in 
recipients with =0.8% of GRWR (n = 28), whereas 54.5% 
in recipients with <0.8% of GRWR (n = 11). Japanese 
argue that despite greater safety for the donor, there is 
anatomical superiority in LLG compared to RLG.?? The 
LLG contains sufficient outflow tributaries, a single 
branch of the PV, and especially, a single bile duct in most 
cases. 

Small graft of greater than 0.6% of GRWR could be 
used in adult recipients and potentially LLG could be used 
in 75% of adult recipients in LDLT. Rapid volumetric 
regeneration of GV is observed and reached a mean of 
84.3% of SLV for RLGs and 95.4% of SLV for LLGs at 
3 months after LT.? Tanaka et al reported that selective 
HPCS based on PVP is an effective procedure and results 
in excellent patient and graft survival with avoidance of 
SFSS in grafts greater than 0.6% of GRWR. Selective HPCS 
could achieve a better outcome of adult LDLT for sicker 
patients and split liver transplants.*” 
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INTRODUCTION 


Persistent shortage of donors and increase in the number 
of patients on waiting had forced the transplantation units 
to go for other options like LDLT and split liver 
transplantation. Split liver transplantation (SLT) started 
initially for one adult and one child. But in recent days 
transplant units have extended its use to 2 adults. 
However there are controversies in the practice of split 
for 2 adults related to the increased morbidity, poor 
results and small for size syndrome in recipients of left 
lobe grafts. Split liver transplantation (SLT) is a surgical 
technique that creates 2 allografts from 1 cadaver/donor 
organ. SLT is simultaneously reported by Pichlmayr! and 
Bismuth? in 1989. 


PROCEDURES 


This procedure is implemented to meet the organ shortage 
and to increase the donor pool. Liver is divided into 2 
functioning allografts right and left lobe/extended right 
lobe and lateral segment, so that 2 recipients can be 
transplanted from a single donor. It is a time consuming 
process and prolonged cold ischemia and chances of 
rewarming are possible leading to more complications 
like PNF, vascular and biliary complications than whole 
liver transplant. Selection of high quality donor organs 
and good recipients is required for split liver transplant. 
Only young, haemodynamically stable and multiorgan 
donors are considered for split liver transplant. Only 15% 
of deceased donors are ideal for split livers.?^ The ideal 
donor age threshold for splitting is not well defined, but 
many authors suggest that donors older than 45 to 50 
years or younger than 10 years should not be 
considered.55 


Ideal donor for SLT/* 

* Heart beating donors 

* Hemodynamically stable individuals 

* Age 10 to 50 years 

* [CU stay «5 years 

* On minimal vasopressor requirements (Dopamine 
«15 ug/kg/min) 

* Liver function tests within 3 times upper normal 
limits, 

* Normal renal function, 

* Serum sodium level «160 mmol/L 

* Negative viral serology (except cytomegalovirus) 

* Minimal or absent period of cardiac arrest 

* Vigorous assessment by the procurement team for 
vascular and biliary anatomy as well as parenchyma 
quality and quantity 


Hypotension, shock, sepsis, and previous cardiac 
arrest initiate a cascade of events leading to direct organ 
injury. This is compounded by significant hemodynamic 
and neuroendocrine changes resulting from brain death. 
The result is a potentially injured organ that then 
undergoes a surgical procedure inciting further injury 
through parenchyma destruction. The community 
performing SLT has overcome this fragility of donor 
parenchyma through optimal donor selection to achieve 
acceptable outcomes. The liver is assessed for normal 
color and texture, equal perfusion, and sharp edges. The 
left lateral segment is assessed to assure fit into the 
recipient abdominal cavity, and the volume is estimated 
to provide a graft fraction (GRWR) of at least 0.8-1% [graft 
volume (L)/total body weight (kg) x 100]. 


"mE 

Causes of infrequent split liver transplantation5^? 

* Technically difficult 

* Complex personnel and logistic demands 

* A potentially restrictive organ allocation policy 

* Perception of inferior results have contributed to the 
under utilization of SLT 

* There is no agreement on indications, surgical 
technique, and results and itis difficult to draw precise 
conclusions on the basis of previous reports. 


Tosco et al* reported that the minimum weight for a 
split is 70 kg, the liver weight from whom is about 1500 
g with 850 g in the right and 650 g in the left liver.*? This 
weight allows a left lobe liver transplantation for a 
recipient of 65 kg or less without the risk of a small for 
size syndrome.5!? But some groups perform liver splitting 
with slim donors. In such situations the proper selection 
of less body weight recipient is important, particularly 
to avoid small for size syndrome. There is no upper cut 
off, but probably patients over 100 kg or body mass index 
228 should be excluded due the well-known relationship 
between overweight and steatosis.* Macroscopic steatosis 
is an exclusion criterion for a split. 


Indications of SLT 
* Initial grafts 
* Rescue grafts for primary nonfunction (PNF) 
* Retransplantation grafts 
* As components of multi visceral grafts 


Surgical challenges in SLT include 

* Preoperative appreciation of anatomic variations 

* May require complex biliary or vascular 
reconstruction. 

* Adequate volume of the graft (GRWR) to meet the 
metabolic needs of the recipient 

* Proper positioning of the graft to optimize vascular 
inflow, venous outflow, and biliary drainage 

* Higher incidence of biliary and vascular complications 

* Higher incidence of reoperation among partial-graft 
recipients 


Tn the first North American series of 12 adult to adult 
SLT procedures, patient and graft survival at 9 months 
was 89% for right-lobe grafts versus 78% for left-lobe 
grafts. Biliary complications were a frequent cause of 
morbidity (27%), followed by an 11% incidence of 
vascular complications that resulted in 2 deaths. 
Complications were observed in 26% of left-graft SLT 
recipients and 22% of right-graft SLT recipients. Renz et 
al!? observed a similar pattern in their series: more 
frequent vascular complications in right-lobe grafts, more 
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frequent biliary complications in left-lobe grafts, higher 
graft survival in right-lobe recipients, and rates of primary 
nonfunction and recipient death similar to those reported 
by others. 


Intra- and postoperative complications? 
* Control of bleeding of the cut-liver surface 
* Acuteand chronic hepatic venous outflow obstruction 
* Hepatic arterial complications 
* High incidence of "small-for-size syndrome." and 
PNF 
* Management of biliary complications 


The first series of 9 SLT procedures performed upon 
18recipients at the University of Chicago lead the authors 
to conclude SLT was "feasible and could have a 
substantial impact in transplant practice." In the climate 
of increasing donor scarcity, SLT remains an infrequently 
performed procedure.'5 The University of California Los 
Angeles has pursued SLT as an avenue to expand the 
cadaver /donor pool, increase availability of allografts to 
children and small adults, and decrease dependence upon 
living donations. The Split registry began in USA in 1995 
as a database to prospectively follow children under 18 
years of age who receive liver transplants in the United 
States and Canada. 

The Split registry currently consists of 43 transplant 
centers with the participating centers performing roughly 
79% of all transplants in the United States. The Split 
database demonstrated that the majority of late graft loss 
were caused by acute and chronic rejection (48.5%) and 
by the chronic effects of hepatic arterial thrombosis 
(11.4%) and biliary strictures (8.6%).!” Approximately 30% 
of the Split patients who died after their first post- 
transplant year succumbed due to infection, sepsis or 
multiorgan failure.!? Late graft loss in this large 
multicenter series is related to immunologic factors, 
rejection and delayed squeal of technical complications.'” 
Azoulay et al. reported that the reason for the rarity of 
split liver transplants is due to very poor results achieved 
for adult recipients of left split-liver grafts. Higher 
threshold of liver volume has been considered in SLT as 
compared to LDLT because split deceased donor grafts 
are subjected to a longer period of cold ischemia and to 
a more relevant ischemia-perfusion injury due to the split 
procedure itself. Increase in SLT for two adult patients, 
will decrease the number of patients on the waiting list. 
Warm ischemia’® as well as cold ischemia!* has been 
shown to impair regeneration after partial liver 
transplantation by interfering with the production of 
interleukin-6 and tumor necrosis factor o and/or defective 
progression from the IL-6 signaling pathway to cellular 
proliferation.” This could be important for split grafts 
from cadaveric donors where longer cold ischemia occurs. 
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TYPES OF SPLITTING THE DONOR LIVER 
* Incsitu splitting 
* Ex-situ splitting 

In-situ splitting of liver and transection of bile duct 
of the left lobe or lateral segment close to the parenchyma 
without damaging the vasculature of right lobe helps in 
preventing biliary complications and avoids prolonged 
cold ischemia. Previously the 2 allografts were used for 
one adult and one pediatric transplant. Extended right 
lobe is used in adult and lateral segment I used in the 
child. Recently many studies have reported split liver for 
2adult recipients. In case of 2 adults, a small size recipient 
is selected for left lobe graft, so that GRWR of 1% or >40% 
of standard liver volume, otherwise chances of small for 
size syndrome or PNF are more than the usual transplant 
subjecting an elective patient to high risk of emergency 
surgery. On the basis of the experience in LDLT, a GRWR 
above 0.8% is considered adequate and safe.?!2? However, 
the quality of the right or left lobe in LDLT is definitively 
higher than the quality of the same lobe harvested from 
a deceased donor. Therefore, a greater liver mass should 
be ensured, and further prospective studies are required 
to investigate this point. 


DIFFERENCE IN IN-SITU AND EX-SITU SPLIT 


In-situ technique is clinically efficacious, can be used 
alternatively with the ex-vivo technique, and is 
comparable to whole-liver allograft transplantation. 
Decreased results observed in ex-situ versus in-situ SLT. 


In-situ/In-vivo Split liver transplantation 

Advantages 

* Parenchyma perfusion is maintained during the in- 
situ SLT 

* Biliary and vascular structures are readily identifiable. 

* Hemostasis is achieved prior to graft 
revascularization, which lowers 

* Transfusion requirements 

* Potential disseminated intravascular coagulopathy 

* Graft stress after reperfusion. 

* Minimal cold ischemia time 

* Reduced potential for biliary complications facilitated 
by easier identification of biliary structures reduces 
the chance of later sepsis and graft dysfunction 

Disadvantages: 

* Quality of thoracic organs may be affected due to 
increased blood loss and volume replacement 
incurred during in-situ SLT 

* Increased time duration of donor surgery 
(approximately 90-120 mins. of additional time) 


Ex-vivo / Ex-situ split?*?° 

Advantages 

* Less blood loss 

Disadvantages 

* Unintentional graft rewarming 

* Longer cold ischemia and extended parenchyma 
injury incurred during ex vivo SLT contribute to the 
inferior outcomes of ex vivo SLT grafts applied to 
urgent status recipients 

* Troublesome bleeding from the surface after 
reperfusion of the graft 


te of compli 


Roegier In-situ 0 0 1996 
Ex-situ 14.6 25 0 1998 
Ex-situ 8 8 0 1998 
In-situ 28 28 1.4 1999 
In-situ 26 7 10 2000 
In-situ 3 7 0 2000 
Ex situ 20 3 0 2003 


SURGICAL TECHNIQUES: SPLIT LIVER FOR 
ADULT AND CHILD (EXTENDED RIGHT LOBE 
AND LATERAL SEGMENT) 


SURGICAL TECHNIQUE (IN-SITU TECHNIQUE) 

(FIGURE 16.1) 

Theanatomic classification of the liver by Couinaud? and 
refined by Bismuth? is the universal reference system 
for describing allografts created by SLT. The parenchymal 
transection is performed at the falciform ligament to create 
a Couinaud segment II/III graft, termed a left lateral 
segment graft for pediatric recipients and a Couinaud 
segment I, IV-VIII right trisegment graft or extended right 
lobe for transplantation of older children or adults. Lateral 
segmentectomy is similar to described earlier in the LDLT 
chapter. 


Donor Procedure 

The cardiothoracic surgeon is asked to come 1 hour later 
than usual in case of multi organ donation. The operation 
is started with a sternolaparotomy and inspection of the 
abdominal organs. The infrarenal aorta (Figure 16.2) and 
vena cava are freed and controlled so that rapid perfusion 
is possible in case of donor instability.” The vascular 
anatomy and the parenchyma of the liver were evaluated. 
The left lateral lobe (segments II and IIT) is mobilized and 


Figure 16.2: Mobilization of infrarenal aorta for cannulation in 
a split liver donor 


prepared identical to a living donor.” The left hepatic 
artery and left portal vein are isolated. The right portion 
of the hepatoduodenal ligament is left untouched. 
Attention is paid to save the arterial branch to segment 
IV whenever possible. The portal branches to segment 
IV (median left segment) are suture-ligated and transected 
to allow Rex's recessus to progressively roll over toward 
the left lateral lobe until the hilar plate is exposed. 
Frequently, the artery for segment IV runs up at the right 
edge of the umbilical fissure. The left portal vein branches 
to the caudate lobe are also suture-ligated and severed. 
Next, the left hepatic vein is controlled by placing a vessel 
loop around it. Then the parenchymal phase is started 
using CUSA or clamp crushing technique to divide the 
parenchymal bridge between the left lateral lobe and the 
left median segment in continuity with the remaining 
right liver. The dissection is performed without vascular 
exclusion. 
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During this phase, the hilar plate is controlled with 
a dissecting clamp and sharply cut with a knife or vascular 
scissors. It is important to avoid coagulation near the 
fragile hilar structures. When the dissection is completed, 
two livers are separated, each with its own vascular 
pedicles and venous drainage. The quality of graft 
perfusion of both sides is observed carefully. Shortly 
before excision the left hepatic artery, left portal vein and 
left hepatic vein are clamped and severed, followed by 
rapid removal of both lobe. The vascular and biliary 
branches of the remaining liver are suture-ligated and 
hemostasis of the cut section was completed. On the back 
table, the graft is perfused immediately with UW/HTK 
solution, first via the portal vein and then by arterial 
perfusion. Cooled and appropriately wrapped. Figures 
16.3 and 16.4 show the two different techniques of 
harvesting the hilar structures in case of split liver for 
one adult (extended right lobe) and one child (lateral 
segment). 


Carrel 
patch 


Figure 16.3 


Vascular graft 
(PV and HA) 


Figure 16.4 


Figures 16.3 and 16.4: Schematic representation split liver for 
extended right lobe and lateral segment 


Figure 16.3 shows the celiac trunk, main portal vein, 
and common bile duct with a extended right lobe graft. 
The left lateral segment graft has the sectioned left hepatic 
artery, left portal vein, and left bile duct. Figure 16.4 
shows right lobe graft with sectioned right hepatic artery, 
right portal vein, and common bile duct. The left lateral 
segment graft has celiac trunk along with a carrel patch, 
left portal vein and left hepatic duct. (Modified and 
redrawn from Busuttil et al).7 


Recipient Surgery for Split Liver for Adult and Child 


Right graft: After procurement, the right graft was 
benched like a normal full-size liver containing the full 
length of the hepatic artery, the portal vein, and vena cava. 
The transplantation was identical to the whole-liver 
procedure? After portal and arterial revascularization, 
the perfusion of segment IV was observed carefully. 
Usually a slight congested appearance around the anterior 
part of the segment IV and no further surgery is needed. 
Vascular outflow is constructed by using donor IVC- 
recipient IVC by piggyback technique. 


Left lateral segment graft: The left lateral lobes are 
transplanted using standard techniques, like LDLT.5657 
The use of vascular interpositions usually was not 
necessary. Direct portal vein anastomosis or a venous 
graft harvested from the donor can be used. The arterial 
reconstruction is performed via a direct anastomosis or 
an interposition of an arterial graft. Majority of vascular 
anastomosis can be done directly instead of using vascular 
grafts. A Roux-en-Y Hepaticojejunostomy or direct duct 
to duct anastomosis can be used for biliary reconstruction 
depending on the availability of bile duct.?? 


SLT for 2 adults (full right and left lobe): Full right and 
full left SLT was first described in 1999, but despite the 
initial enthusiasm, this procedure did not maintain its 
attractive promise.?? 


Recipient selection: SLT for two adults is feasible and can 
provide outcomes equivalent to those of whole-liver 
transplantation. Recipient selection mandates unique 
considerations in the performance of SLT. A greater 
amount of hepatic mass for an individual SLT recipient 
than would be required in living-donation with a graft 
fraction of at least 1% recipient body mass. A 6.5-fold 
increase in the risk of graft failure is noticed when the 
ratio was less than 1%.'° Preferable the left graft recipients 
should be younger, smaller size with better native liver 
function for 2 adults SLT. The principal factors influencing 
patient survival are graft steatosis, GRWR>1% and 
hospital status of the recipient. Male donor to female 
recipient liver transplantation has a higher association 
with chronic rejection, particularly in recipients with 


primary biliary cirrhosis, ? and appears to have a higher 
incidence of post-transplant malignancies?! 


Technical Difficulties and Modifications in SLT for 2 Adults 
The technical difficulties in split liver transplantation for 
two adults are focused mainly on two questions: how to 
share the blood vessels, especially the hepatic veins and 
vena cava, and how to achieve safe biliary drainage of 
all segments transplanted. Intraoperative cholangio- 
graphy (Figure 16.6) helps to identify anatomical bile duct 
variations, which may either indicate a switch to a left 
lateral splitting procedure or may totally prohibit liver 
splitting. The decision whether to leave the common bile 
duct to the left or right hemi-liver depends on the 
individual anatomy. In most instances the common bile 
duct should stay with the right graft, as the right main 
bile ductis shorter than the left and anatomical variations 
of the bile ducts are more frequent within the right lobe. 
The bile ducts should be shortened as much as possible 
to ensure sufficient perfusion. 

Some authors recommend an arteriography,?? but in 
most cases arterial anatomy can be safely identified by 
hilar dissection. Sharing of the arterial trunk depends on 
the individual anatomy of the donor, especially the origin 
of the segment IV artery. In most cases the main arterial 
trunks stays with the left graft. In conventional 
techniques, usually the middle hepatic vein is retained 
with the left graft and the vena cava with the right graft. 
The indispensable division of the caudate lobe veins led 
to uncertain viability of liver segment I, and resection 
might be necessary. 


Surgical Procedure 


Which partial graft, right or left, should retain the celiac 
trunk remains controversial. Most groups demonstrated 
that by maintaining the entire length of the celiac axis 
in continuity with the right grafts organ sharing among 
centers is improved without worsening patient and graft 
outcomes.55 Other authors?^/ showed that 
maintenance of the celiac trunk with the left-sided 
allograft (Figure 16.5) does not increase the overall 
incidence of HAT and avoids the need for a left hepatic 
artery microvascular anastomosis. The recent literature 
reports an incidence of vascular complications of around 
10963345 

Careful evaluation of the macroscopic appearance of 
the liver should be carried out to confirm the feasibility 
of SLT before any splitting technique. Visual assessment 
by the surgeon for colour, consistency and signs of any 
fatty change on gross examination is important. A 
standard in-situ split (Figure 16.1) technique is followed. 
Preoperatively USG examination of the liver is carried 
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Figure 16.5: Left lobe with caudate lobe (black arrow) LHA 
harvested very long with a carrel patch. LPV- Cannula in-situ 


out to study the fatty change and vascular anatomy of 
liver. Intraoperative ultrasound is carried out before split 
to verify the quality of the liver and to map the middle 
hepatic vein (MHV) on the liver surface. Preoperative CT 
volumetry is carried out only in few centers. Volume of 
right and left lobe is approximately estimated by USG 
examination. Usually right, left and lateral segments are 
taken as 60%, 40% and 25% of standard liver volume, 
respectively. Portal vein diameter will guide in assessing 
the volume of both lobes. 

Transection plane is defined both by the intraoperative 
ultrasound and by the parenchymal demarcation 
obtained by the temporary clamping of the RHA and RPV 
at the hepatic hilum and thus marking the line of 
parenchymal transection just a few millimeters from the 
rightside of the MHV. Parenchymal transection is carried 
out by Kelly crush method or using CUSA without using 
Pringles maneuver. If there is severe bleeding, Pringles 
maneuver may be considered. The biliary anatomy is 
mapped by intraoperative cholangiogram (Figure 16.6). 
Division of bile duct, hepatic artery and portal vein 
(Figure 16.7) is completed in-situ and the two liver grafts 
(Figure 16.8) are removed after flushing of the abdominal 
organs with a cold HTK solution via the aorta and splenic 
vein. MHV is retained with the right lobe graft and the 
IVC along with caudate lobe are retained with the left 
lobe. In our center we always keep the IVC with the right 
lobe for a piggyback anastomosis with recipient IVC 
(Figure 16.9). 

In right lobe transplantation, the RHV is anastomosed 
end to side to the recipient IVC through a caval slitting 
or cavoplasty to optimize the venous outflow with a 4/ 
0 running prolene suture. V5 and V8 reconstruction is 
performed similar to the right lobe transplantation 


Figure 16.6: Intraoperative cholangiogram in a deceased donor 
for split liver for 2 adults 


Figure 16.7: In-situ splitting of deceased donor liver: Dividing 
the right portal vein (black arrow) 


depending on the area of congestion after splitting. 
Figure 16.10 shows end-to-end side hepatic vein 
anastomosis with IVC in a left lobe split liver graft; IVC 
is left with the right lobe. 

In left lobe transplantation, a side-to-side caval-caval 
anastomosis is performed with a 4/0 running prolene 
suture. End-to-end PV anastomosis is done with a 6/0 
running prolene suture. Arterial anastomoses (Figures 
16.11 to 16.13) are performed with a 9/0 running prolene 
by direct suture/carrel patch/use of vascular graft 
(Figures 16.12 and 16.13). Bile duct anastomosis is done 
end to end anastomosis with 6/0 PDS sutures without 
a biliary stent, in both the recipients. 
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Figure 16.8: In-situ split liver for 2 adults, right and left lobe Figure 16.11:Split right lobe with caudate lobe, hepatic artery 
and bile duct after anastomosis 


Figure 16.9: Rt lobe graft with V5 (black arrow) reconstructed to Figure 16.12: Arterial pedicle with a carrel patch in a left lobe 
drain into IVC (blue arrow). RHA harvested till the aorta to form split liver graft (white arrow) 
a carrel patch 


Figure 16.10: End-to-side hepatic vein (black arrow) anastomosis Figure 16.13: Completed arterial reconstruction 
with IVC in a left lobe split liver graft, IVC is left with right lobe in a left lobe split liver graft 
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INTRODUCTION 


Early experiences with LDLT in adult patients were 
achieved by using the left lobe to keep a high level of 
safety for the donors.! Approximately 20% of the 
evaluated donors are suitable to donate the right liver 
for LDLT, depending mainly on the critical remnant liver 
volume. On special occasions, the volume of liver graft 
is insufficient for adult recipients even with the use of 
the right lobe. As an alternative solution, right and left 
laterallobe grafts from two donors have been employed.? 
But the right lobectomy in the donor is not always safe, 
mainly depending on the volume of the remaining left 
lobe? The remnant liver volume should not be less than 
30% of the total liver volume of the donor to maintain 
donor security.* Even though a donor's right lobe is 
suitable in size as a graft for an adult recipient, the 
remaining left lobe may be too small with regard to the 
donor's own safety. To solve this problem, a second donor 
has to be found with which to perform dual graft liver 
transplantation, in which one graft from each of two 
donors is implanted into one recipient. 

Lee SG from Korea was the first to perform successful 
dual graft transplantation. The first experiences used two 
left lobe grafts, but every probable combination of graft 
types can be used.? So far Lee and his team have 
performed more than 150 dual grafts in Korea. The 
pioneering work, while technically complex, can offer 
sufficient liver volume to the recipient by utilizing two 
grafts (mainly left-side grafts) while preserving an 
acceptable risk to each donor. However, this procedure 
has not been widely accepted, probably due to its ethical 
problem of putting two living donors at risk 
simultaneously. 

There have been only a few reports5? regarding dual 
graft LDLT. Nonetheless, this could be an ideal and 
promising procedure.especially for a large-size patient 
who otherwise can not be transplanted with a single graft. 


The experiences in LDLT showed that a graft volume 
of less than 40% of the SLV means a high risk for the 
negative outcome of the recipient. The minimum 
required graft volume to avoid postoperative liver failure 
is considered to be atleast 40-50% of the SLV.? Regarding 
the donor, right lobectomy is associated with a higher 
risk for the donor, mainly depending on the volume of 
the remaining left liver lobe. 


Since, the number of adult-to-adult LDLT using right 
liver grafts increased over the last decade, the latest results 
pointed out a higher mortality and morbidity for the right 
lobe donors.!??? Donor mortality after left lateral 
segmentectomy is estimated to be approximately 0.175,12 
the risk of death for donors of a right lobe ranges from 
0.4 to 0.55.1 Experiences from the transplant community 
are consistent with a higher morbidity after donation of 
the right liver lobe compared with the left lobe.!*15 The 
overall morbidity in right lobe donation is also higher 
then after donation of the left liver lobe due to the 
observation that the rate of complications corresponds 
to the extent of liver resection. Aside from the most 
frequent minor complications like wound infection, 
pleural effusions, etc. biliary complications are reported 
after right hepatectomy with rates of 4 to 896.1720 

Dual graft LDLT solves the problem of graft-size 
insufficiency and can be safely performed and opens up 
the possibility of LDLT to even more families in the 
Western world. In dual graft transplantation, placing two 
donors at risk has to be justified. But if the combined risk 
of the two donors undergoing a minor extensive resection 
is lower than the risk of a single donor exposed to a major 
right lobectomy in the same situation, the use of dual 
grafts should be seriously discussed to minimize the 
family's risk.?! Although, LDLT using dual lobe grafts 
takes more effort and is a technical, complicated 
procedure, it is safely feasible and can increase the donor 
pool and sustains the option of adult-to-adult LDLT to 


even more families in the Western world, where the 
largest graft available is too small for the recipient or 
remnant liver volume in the donor is less than 30%.7! 
LDLT using dual grafts can be justified in large size 
recipients in selected cases to avoid small-for-size graft 
problems without increasing independent donor risks.? 
LDLT has two inevitable potential risks: 
* Small-for-size syndrome (SFSS) 
* Increased donor risk 

It is often difficult to obtain an appropriate sized graft 
from living donors, especially for a large-size patient. It 
has been shown that 50% of the SLV of the recipient is 
the minimum liver GV required to provide functional 
hepatocytes.? Generally speaking, a left lobe graft can 
provide only 30-50% of the required liver volume for an 
adult recipient and has been thought to be too small for 
adult recipients to sustain their metabolic demand. The 
safe remnant liver volume after RL donation has been 
reported to be 230-35% of the whole liver volume of the 
donor?56 whereas the safe limit of the GV is 250% of the 
recipient's standard liver volume (SLV).? Thus, in such 
instances where donors have a large RL and a small LL, 
neither lobe can be donated. Leelaudomlipi et al2* 
reported that in 25% of donors evaluated, the volume ratio 
of the RL was over 70%, or in other words, the remnant 
liver volume after RL donation was less than 30%. 

Regarding the GV, two LL grafts are probably 
sufficient and that there may be no need to include the 
RL grafts in dual LDLT in most situations. It is conceivable 
that each donor's risk does not increase in dual graft 
LDLT, while the total risk of the two donations would 
be doubled as compared to regular LDLT from a single 
donor. However, we believe that the potential risk of the 
recipient due to a SFSG would be alleviated by summing 
up the volume of the two grafts, In this case, LDLT using 
dual grafts preserving the donors’ safety should be 
justified. The ethical issue of putting two donors at risk 
simultaneously for one recipient is debatable. 


DIFFERENT DUAL GRAFTS THAT CAN BE 
USED IN LDLT 


* 2 Left lobes 

* Right lobe(V-VIII) + lateral segment 

* Left lobe (with or without caudate lobe) + Lateral 
segment (Seg. II, IIT) 

* Right lobe + Left lobe 

* 2 Lateral segments 
Harvesting of the right lobe, left lobe and lateral 

segments are discussed in the respective chapters. 


RECIPIENT OPERATION 
TWO LEFT LOBE GRAFTS (FIGURE 17.1) 


First liver graft is orthotopically implanted on left side. 
Second graft is heterotopically positioned on right upper 
fossa with rotated 180°. 


Technical Difficulties 


* Difficulty in direct anastomosis of the LHV of right 
side graft with IVC. 

* Rotation of the heterotopic second liver graft through 
180* of sagital orientation brings the hilar structures 
into a reversed location. 

* Operation time is long. 


TECHNICAL MODIFICATION5:22.2 
Dissection Phase 


Tn the recipient, both the right and left branch of the portal 
vein and the hepatic artery are dissected free from the 
surrounding tissue as long as possible to obtain maximal 
length for future bilateral vascular anastomoses. The bile 
duct is similarly dissected to the level of the hilum, 
dividing the right and left hepatic duct separately. To 
preserve the arterial blood supply of the proximal hepatic 
duct, care must be taken to ensure that the right hepatic 
artery crossing behind the common bile duct is not 
dissected. 


Back Table Procedure 

Cryopreserved cadaveric iliac interposition vein graft is 
sutured to the right graft's hepatic vein with 5-0 
continuous Prolene sutures. 


First Left Lobe Graft 


First left lobe graft is orthotopically implanted (Figure 
17.1) in the usual manner. HV of graft is anastomosed 
to common trunk of LHV and MHV followed by PV with 
recipient's LPV in end to end fashion or a vascular graft 
(gonadal vein) can be used. First graft (left) is perfused 
by releasing the clamp on LPV. 


Second Left Lobe Graft 


Second left lobe graft is placed heterotopically (Figure 
17.1) with 180° rotation and hepatic vein anastomosis is 
completed by piggyback technique with a partial clamp 
on IVC followed by PV anastomosis with recipient right 
PV. Right graft is perfused by releasing the vascular clamp 
on the RPV. 
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Figure 17.1: Schematic presentation of LDLT using dual grafts. (2 
left lobe grafts) (LLG:left lobe graft, CBD: common bile duct, PV: 
portal vein, HA: hepatic artery, IVC: inferior vena cava, HV: hepatic 
veins right and left) (Modified and redrawn with permission of Lee. 
SG)55? 


Hepatic Venous Anastomosis 


Hepatic venous anastomosis of the graft can be done with 
the use of cadaveric interposition vein graft, as direct 
anastomosis with the IVC is technically difficult due to 
smaller size of graft as compared to recipient's right lobe. 
If there, is inadequate outflow due to malposition of the 
graft, it can be adjusted with the help of a tissue expander 
placed below the right sided graft to maintain proper 
position. 


Bile Duct 


Bile duct lies behind the PV and HA. So hepaticojejuno- 
stomy of the second liver graft is difficult in a limited 
area after portal vein anastomosis is established. Bile duct 
is reconstructed by duct-to-duct anastomosis followed by 
the ventrally lying portal vein anastomosis. So the graft 
is exposed to prolonged warm ischemic time as compared 
to routine procedure. But other studies report the 
reconstruction of bile duct after portal vein to avoid this 
problem. It is technically difficult, but feasible. Lee et al. 
described that bile duct anastomosis should be done prior 
to PV reconstruction due to technical difficult position 
of heterotopic graft. Broering etal. reported an alternative 
method, in which the bile duct is reconstructed after PV 
and HA reconstruction.?! 


Hepatic Artery Anastomosis 


Arterial reconstruction is performed using 8-0 Prolene 
interrupted sutures under the microscope between the 
recipient right hepatic artery (RHA) and the graft RHA, 
and between the recipient left hepatic artery (LHA) and 


Liver Transptantation o 


the graft LHA. A tissue expander filled with saline 
solution (250-300 ml) is inserted underneath the second 
liver graft to relieve undue tension on hilar anastomosis 
(Figure 17.1). 

The surgical techniques of dual grafts using left lobe 
and lateral segment are very similar to 2 left lobe grafts. 


USE OF RIGHT LOBE AND LEFT LATERAL 
SEGMENT/LEFT LOBE GRAFT (FIGURE 17.2)5:21.30 


RECIPIENT OPERATION 


Surgical techniques are very similar to LDLT using right 
lobe and lateral segments independently. Explantation 
of the recipient's cirrhotic liver is followed by 
implantation of the right lobe of first donor. The graft 
is orthotopically placed in the right upper fossa and the 
right hepatic vein of the graft was anastomosed to the 
longitudinal cavotomy in an end-to-side fashion or to the 
RHV. End-to-end anastomosis of the grafts and recipients 
right portal vein was followed by reperfusion. A 
cryopreserved iliac artery/vein grafts from a deceased 
donor is used for reconstruction of V5 and V8 and is 
anastomosed to the recipient's vena cava. Subsequently 
the graft’s right hepatic artery is anastomosed end-to-end 
to the right hepatic artery of the recipient. After arterial 
reperfusion intraoperative ultrasound showed regular 
portal, venous, and arterial flow. 

Second graft from left lateral segment left lobe graft 
is orthotopically placed on the left side and the graft LHV 
is anastomosed end-to-end fashion with the recipient 
common trunk of MHV and LHV. Anastomosis of the 
left portal vein and the left hepatic artery are also 
performed in an end-to-end fashion. After reperfusion, 
intraoperative ultrasound to confirm regular portal, 
venous and arterial flow in the left lateral graft as well. 


RLG LLG 


Figure 17.2: Schematic presentation of LDLT using dual grafts. (RLG 
and LLG) (RLG: right lobe graft, LLG:left lobe graft, LLSG: left lateral 
segment graft) (Modified and redrawn with permission of Lee SG). 


Biliary reconstruction is performed, starting with the 
connection of the recipient RHD to right graft and LHD 
to left graft, if possible. But there is technically difficult, 
So LHD can be reconstructed by Roux-en-Y hepaticoje- 
junostomy. 


VANISHING GRAFT SYNDROME (VGS) IN DUAL 
GRAFTS 


Lee etal?” reported this syndrome in dual grafts in a mean 
period of 7.8 months. VGS is divided into 2 types. Primary 
VGS seen commonly in left sided graft. Portal vein flow 
and regenerative rate were significantly lower in the first 
month after transplantation. Secondary VGS was noticed 
due to biliary stricture, PV stenosis, HV outflow 
obstruction and acute cellular rejection. Similar VGS was 
earlier reported by Durand et al. in auxiliary liver 
transplantation after withdrawal of immuno- 
suppression.” 
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INTRODUCTION 


Auxiliary transplantation had been proposed for the 
treatment of acute liver failure in 1956 by Goodrich et 
al. in an initial description of heterotopic auxiliary liver 
transplantation (HALT) in dogs.’ Partial native liver 
resection to make room in the right hypochondrium to 
transplant an auxiliary partial liver in the orthotopic 
position (i.e. APOLT) in a patient with cirrhosis was first 
reported by Bismuth et al. in 1985.7 First successful 
APOLT for fulminant hepatic failure was reported by 
Gubernatis et al. in 1991 for hemolysis, elevated liver 
enzymes, and low platelet count syndrome in a 33-year- 
old patient? The most common indication for APOLT in 
Western countries is fulminant hepatic failure. The main 
goal of APOLT in the setting of fulminant hepatic failure 
is to save the patient with no neurologic sequelae, which 
can be achieved only if a sufficient mass of functioning 
hepatic tissue is provided rapidly. The graft should serve 
only as temporary support and could be removed later; 
no essential structures of the native liver should be 
jeopardized. 

Before the era of transplantation, most patients died, 
asmall number (15-20%), however, recovered and in these 
patients, the restoration of the hepatic function usually 
was complete.55 The rationale of APOLT for a small-for- 
size graft is that the remnant native liver is expected to 
support the function of the implanted graft during the 
early post-operative period. A patient with fulminant 
hepatic failure needs a reliable temporary support to “tide 
him over" the period of illness, before regeneration of 
the native liver has taken place. The auxiliary graft should 
support the remnant native liver during regeneration.* 
The concept of auxiliary partial orthotopic liver 
transplantation (APOLT), placing the graft next to the 
diseased organ, is therefore, appealing, when and if the 
native liver recovers, the graft either can be abandoned 


or removed, and the patient can be freed from 
immunosuppression. The graft liver expands its function 
in proportion to volume growth. After the graft liver has 
grown sufficiently, it can be expected to meet the hepatic 
functional demands of the recipient. APOLT was initially 
indicated for potentially reversible fulminant hepatic 
failure (FHF) and non-cirrhotic metabolic liver disease.^^ 
The procedure, technically more complex than standard 
OLT, has been rendered possible by outstanding recent 
advances in liver surgery and transplantation such as the 
reduced liver and the split-liver transplantation 
techniques.*!! Bismuth et al. in his series showed that 
the time for liver regeneration after APOLT ranges from 
10 days to 10 months. 

Later use of APOLT was extended to metabolic liver 
diseases. In metabolic disease with ESLD, the other option 
is that RPV of the recipient may be narrowed to induce 
compensatory hypertrophy of the graft. After confirming 
atrophy of the native liver and hypertrophy of the graft 
by computed tomography, the remnant native liver is 
removed around 2-3 months after APOLT. The new graft 
corrects the enzyme deficiency. In Japan, to treat patients 
with a graft-to-recipient weight ratio (GRWR) of less than 
0.8%, auxiliary partial orthotopic liver transplantation 
(APOLT) was indicated from 1996.15 This technique 
guarantees an adequate safety margin for both the donor 
and the recipient in LDLT for metabolic liver diseases 
where the donor's left lobe does not exceed 30% of ESLV. 
The advantage claimed for APOLT in non-cirrhotic 
metabolic liver disease is that it can compensate for 
enzyme deficiencies without complete removal of the 
native liver, which may have to aid the recipient in case 
of potential graft failure. The remaining native liver could 
benefit in the future from potential success in gene 
treatment.415 


The other potential indication for APOLT is ABO- 
incompatible transplantation. ABO-incompatible 
transplantation is often unavoidable due to the limited 
number of potential donor candidates in the LDLT 
program. A high incidence of early graft failure with a 
high rate of biliary and vascular complications in ABO- 
incompatible liver transplantation was reported.!5 The 
remnant native liver could sustain a patient's life if the 
anticipated graft failure occurred in an ABO-incompatible 
case. 


INDICATIONS OF APOLT 


* Fulminant hepatic failure 

* Non-cirrhotic metabolic liver disease like citrullinemia 
* Small for size graft 

* ABO-incompatible liver transplantation. 


CITRULLINEMIA 


Itis a rare hereditary metabolic liver disease characterized 
by elevated plasma levels of citrulline and ammonia, and 
is due to deficiency of Arginine succinate synthetase in 
the liver.!5 Causative gene of this disorder is citrin.i? 
Citrullinemia can be classified into three types: Neonatal / 
infantile (types I and III) and adult (type II). Most of the 
patients with type II citrullinemia are reported in Japan. 
If untreated usually occurs due to cerebral edema within 
few years of onset of disease. In Japan, small number of 
patients has undergone liver transplantation showing 
dramatic therapeutic effects.202! 


SURGICAL TECHNIQUE?2?5 
Native hepatectomy is performed prior to graft 
implantation, that varies in type of graft segment and 
volume that is to be implanted. 


DIFFERENT GRAFT TYPES THAT CAN BE 
USED FOR APOLT 


* Left lateral segment 
* Left lobe 
* Right lobe 


LEFT APOLT IN THE RECIPIENT 


Patient position and exposure are described in earlier 
chapters. Structures around the portal hepatis are 
dissected first to isolate and skeletonize the left portal 
vein. Left lateral segment was then resected to the left 
of the falciform ligament as described in the earlier 
chapter. Part of the caudate lobe is also excised for 
adequate exposure of the retrohepatic IVC to facilitate 


the anastomosis of the donor left hepatic vein as close 
to the diaphragm as possible. Left lateral segment of the 
donor liver is implanted by anastomosing the left hepatic 
vein end-to-side to the recipient IVC just below the 
diaphragm with continuous 4-0 prolene sutures. Graft PV 
is anastomosed end-to-side to the recipient's LPV with 
continuous 6-0 prolene sutures. Portal inflow to the graft 
is encouraged by narrowing the portal vein to the native 
liver. Surgical narrowing of the portal vein to the native 
liver is achieved by placing a nonabsorbable ligature 
distal to the anastomosis, with the aim of reducing the 
diameter of the portal vein to one half to one third of its 
size. Surgical narrowing of PV to native liver is not routine 
and it depends on flow cytometry findings and is more 
commonly used in cases of APOLT for metabolic liver 
diseases. But if the graft flow is sufficient then there is 
no need to go for portal flow modulation. The graft is 
rearterialized by an anastomosis with an infrarenal iliac 
arterial conduit or direct anastomosis with left hepatic 
artery. Bile duct reconstruction is performed by Roux- 
en-Y Hepaticojejunostomy. 


TECHNICAL DIFFICULTIES 


Three technical difficulties are encountered during 
APOLT such as: 

* Abdominal space 

* Portal in flow reconstruction 

* Venous drainage reconstruction 


PORTAL INFLOW MODULATION IN APOLT 


Portal vein modulation is useful in APOLT for metabolic 
liver diseases. Earlier studies reported that occluded 
portal flow induces hepatocyte apoptosis rather than 
necrosis in the native liver without changing the 
functional efficiency of the hepatocyte.**" Ligation of the 
native portal vein had no detrimental effects on the native 
liver supplied by arterial flow only.* APOLT with portal 
vein diversion is an effective technique to induce graft 
regeneration and to avoid functional portal flow 
competition in non-cirrhotic metabolic liver disease. 
Competition for portal blood flow has been suggested 
as a possible mechanism for failure, either of the graft 
or of the native liver. Portal vein thrombosis has been 
postulated to occur as a result of a steal syndrome, and 
atechnique of banding or surgical narrowing of the portal 
vein branch feeding the native liver has been devised, 
with improved results in an experimental model. Mureo 
et al?! described that the stump of the native left hepatic 
vein and left hepatic artery can used for anastomosis and 
80% of his patients had diversion of the native portal vein 
to prevent functional portal vein competition between the 


native and graft liver, meaning that interruption of portal 
flow to the native liver with all portal flow going through 
the graft. Hepatic artery reconstruction performed using 
the microvascular technique in all his cases without using 
vascular grafts. Biliary reconstruction was achieved using 
Roux-en-Y hepaticojejunostomy.?* Broering et al. 
suggested manipulation of the venous outflow of thenative 
liver by occluding the middle hepatic vein in APOLT is 
an effective technical solution for preventing portal flow 
competition between both livers. Additionally, it facilitates 
venous anastomosis of the graft, thereby optimizing the 
graft's venous outflow. It respects the function of both 
livers as well as the safety of the recipient.” 


ADVANTAGES OF APOLT 


In most of the cases of acute liver failure, the native liver 

recovers its function. The native liver may be removed 

if regeneration has not occurred. 

Once the native liver function recovers: 

e Graft is removed by surgery 

* Atrophy of the graft occurs after withdraw! of 
immunosuppression 

* Patients remain free from immunosuppression 


ISSUES RELATED TO DETRANSPLANTATION 


When the native liver has regenerated, the question arises 
on the best way to deal with the graft. One option is to 
taper down the immunosuppression to provoke a 
controlled rejection of the donor liver, which is left to 
atrophy. Duarnd et al.?? reported vanishing graft 
syndrome after auxiliary liver transplantation. The 
theoretical disadvantage of this attitude is the risk to cause 
asevere rejection of the graft, requiring its prompt surgical 
removal, which may be a difficult procedure on an 
inflamed organ. The other option is to take out the graft 
electively without discontinuing the immunosuppression. 
The procedure of surgical removal of the graft, however, 
may be difficult and is not without risks. Deaths have 
been reported after graft removal. 


EVALUATION OF FUNCTION OF THE GRAFT AND 
NATIVE LIVER 


Clinical assessment along with improvement in liver 
function tests, suggest the improvement in patient 
condition and recovery of graft function. 


LIVER BIOPSY 


Histologic examination of regenerating livers showed the 
disappearance of hepatocyte necrosis and the replacement 
by normal hepatocytes. Some degree of portal and 


some 
interportal fibrosis was observed in all these cases, its 
significance is difficult to appreciate. 


CT SCAN"? 


An increase in the volume of the native liver associated 
to a decrease of the volume of the graft on CT scan may 
be a sign of regeneration, However, size is only a rough 
indicator and may not reflect the respective function of 
each liver, especially for the graft. The venous phase of 
the angiogram showing the respective distribution of the 
portal flow between the graft and the native liver also 
may be a reflection of the function of each liver, although 
this procedure is invasive and can not be used for 
sequential evaluation. 


RADIONUCLIDE HIDA SCANS’? 


Itis the most useful investigation. By showing the rapidity 
and the magnitude of the uptake and of the biliary 
excretion of the tracer, these scans permit a quantitative 
analysis of the function of the graft relative to that of the 
native liver, which can be easily repeated for comparison. 
Progression of recovery most often appears on HIDA 
scans as a gradual increase of the uptake and of the biliary 
excretion by the native organ and as a decrease of the 
function of the graft. 


SURVIVAL RATES AFTER APOLT 


Kasahara et al. (Kyoto university)!" reported the 

cumulative 1 yr and 5 years survival in APOLT in 

different groups as per the etiology mentioned below: 

¢ APOLT for fulminant hepatic failure: The cumulative 5 
yrs graft and patient survival rates were 58.4 and 60.2% 
in the standard LDLT group, respectively. The graft 
survival was significantly lower after APOLT (p < 
0.01). 

© APOLT for non-cirrhotic metabolic liver disease: There was 
no significant difference in graft and patient survival 
between APOLT and standard LDLT for non-cirrhotic 
metabolic liver disease. 

e APOLT for small-for-size graft: The overall cumulative 
lyr and 5 years graft and patient survivals in the 
standard LDLT group were 65.0 and 65.0%, 
respectively. No significant difference was observed 
between the groups. 

* APOLT for cases of ABO-incompatibility: There was no 
significant difference in graft and patient survival 
between APOLT and standard LDLT for ABO- 
incompatibility. 

* Profiles of APOLT and standard LDLT: The 1 year and 
5 years cumulative grafts were lower after APOLT 


versus standard LDLT (57.9 and 50.6% vs. 78.8 and 

73.8%, respectively), but the difference did not reach 

statistical significance (p = 0.45 and 0.18, respectively). 

Azoulay et al?! compared the results of APOLT with 
those of total orthotopic liver transplantation in the 
treatment of ALF and showed similar survival rates after 
both procedures, but the post-operative complication 
rates (particularly biliary complications and neurological 
sequelae as well as the retransplantation rate) were 
significantly more frequent after APOLT. 

In the "Paul-Brousse experience’, both full native liver 
regeneration and discontinuation of immunosuppression 
was observed only in 25% of the cases. An APOLT survey 
from several centers in Europe, and we recorded that the 
native liver regeneration, reversal of encephalopathy and 
interruption of immunosuppressive therapy could be 
achieved after APOLT in most of the cases. The rate of 
regeneration ranged from 20 to 87%. Portal diversion was 
never used.?? 


ROLE OF APOLT IN PRESENT 
TRANSPLANTATION SCENARIO 


Unlike standard LDLT, the incidence of biliary 
complications and the need for retransplantation were 
shown to be higher in APOLT cases.?! APOLT has 
restricted indications in present days after the technical 
refinements in whole right lobe grafts and successful 
achievement of better long-term survival results. 
Fulminant hepatic failure and non-cirrhotic metabolic 
liver disease may be a suitable indication for APOLT. 
Conceptual changes were made in the treatment of small- 
for-size grafts, through the introduction of LDLT using 
right lobe with or without middle hepatic vein graft, and 
in the treatment of ABO-incompatible cases, through the 
use of a novel intrahepatic arterial immunosuppression, 
plasma exchange and Anti CD 20 protocol. With all these 
advances in LTX, the necessity for performing APOLT 
is decreasing. 
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INTRODUCTION 


Shortage of cadaveric organs has led to a search for 
alternative methods to expand the donor pool, such as 
living donor, split liver, and sequential (Domino) 
transplantation.! Domino liver transplantation (Domino 
LTX) was introduced in 1997.7 In Domino LTX, a patient 
with metabolic liver disease is transplanted from a 
deceased or living donor liver, but the explanted liver 
with metabolic liver disease of the 1st recipient is used 
for transplanting in another patient (2nd recipient, called 
domino recipient) with ESLD so that the liver with 
metabolic liver disease can support the domino recipient. 
1st recipient will get rid of the metabolic liver disease. 
The domino recipient acquires a liver with metabolic 
disease but with better functions and is a potential 
candidate to develop metabolic liver disease in future. 
Domino LTX can expand the donor pool, especially in 
areas where DDLT is limited. 

Domino procedures may be performed with livers 
from patients having transplantation for hepatic 
metabolic disorders that cause systemic disease without 
affecting other liver functions, such us familial amyloid 
polyneuropathy type I (FAP). In most parts of the world, 
Domino LTX is mainly performed in the event of a 
deceased donor (DDLT) for FAP.? The central point of 
Domino LTX is that the procedure should not pose a 
negative influence on the safety of the original LT, 
especially in LDLT. Domino LTX using the livers from 
FAP patients may be justified for patients whose 
condition precludes a longer time on waiting list, 
including those with HCC and those for whom palliation 
rather than long-term cure is the aim and usually patients 
are older than 60 years2^ 


Preconditions necessary for Domino LTX-* 
* Domino liver must be fully functional 


* Genetic defect in the host should recur within a 
sufficient latency period (like 30 years in FAP) 

* Domino liver recipients must know the origin of the 
organ 

* Domino recipients must be followed up with an 
extensive neurological and cardiologic protocol. 


Domino LT is indicated in metabolic liver diseases like: 
* Familial amyloid polyneuropathy type I (FAP) 

* Familial hypercholesterolemia 

e Maple syrup urine disease (MSUD).!7 


FAMILIAL AMYLOID POLYNEUROPATHY (FAP) 


Familial amyloid polyneuropathy (FAP) is a severe form 
of hereditary amyloidosis. In a global perspective, the 
amyloidogenic TTR (ATTR) mutation, Val 122 Ile (Valine 
for Isoleucine at position,” is the most common, giving 
rise to a senile cardiac amyloidosis. However, patients 
considered candidates for liver transplantation will most 
often have a neuropathic amyloidosis, of which familial 
amyloid polyneuropathy (FAP) caused by the ATTR Val 
30 Met (Valine for methionine at position 30) mutation 
is the most common. Liver transplantation is the only 
successful treatment to date? It is an autosomal dominant 
disorder in which the liver produces a variant prealbumin 
called transthyretin met-30 (TTR met-30) that is deposited 
along nerves leading to a progressive and fatal 
polyneuropathy that begins in the third decade of life. 
Apart from the production of the variant protein, there 
are no other abnormalities in these FAP livers. 


PREVALENCE 


This disease is prevalent in Portugal, Japan, and Sweden, 
and it has also been described in the Spain, UK and USA.!* 


ER Liver TronspEmG Uo ND" E, 


PRESENTATION OF FAP (FAP ATTR VAL 30 MET)! 


The amyloid fibrils aggregate into insoluble fibers, and 

clinical manifestations are associated with deposition of 

amyloid protein in various organs. They usually manifest 
in the third or fourth decade of life 

* Nervous system: Progressive peripheral polyneuro- 
pathy, painful sensory motor polyneuropathy. 
Autonomic neuropathy orthostatic hypotension and 
impotence urinary and fecal incontinence. 

* Cardiac manifestations: Cardiac arrhythmias with 
atrioventricular (AV) conduction disturbances and 
ventricular arrhythmias 

* Renal: Kidney and Bladder Impairment renal 
insufficiency Bladder dysfunction Kidney failure 

* Ophthalmic: Amyloid deposits in the corpus vitrium 
may lead to blindness if left untreated. 

* Gl impairment and malnutrition due destruction of 
celiac ganglion and vagal nerve by amyloid deposits. 
Clinical presentation is variable even among patients 

who carry the same genotype; the disease course in 

symptomatic patients is invariably progressive and 
fatal.!* Mean survival for patients with FAP is reported 
to be 9 to 13 years after the onset of symptoms. 


LIVER TRANSPLANTATION FOR FAP ATTR VAL 30 MET 


The mutant TTR protein is predominantly produced in 
the liver. Hence, liver transplantation eliminates the 
source of abnormal TTR production and is currently the 
most effective treatment to halt disease progression. 
Survival after LT is closely related to the patient's 
nutritional status before the procedure. Patients who 
undergo transplantation after more than 7 years of the 
disease have a decreased chance for survival. In 
counseling the patient with FAP ATTR Val 30 Met, one 
should never forecast an improvement after 
transplantation, but emphasize that the goal is to prevent 
further decline and the onset of new complications. This 
policy enables an early intervention and minimizes the 
risk for delaying the patient's decision for transplantation. 
Improvement is not the goal. 


FAP World Transplant Register (FAPWTR) 


The purpose of this to monitor the international results 
of orthotopic liver transplantation (OLT) as a treatment 
for FAP, as well as trends in the practice of Domino LTX. 
Its 10 years report in 2000 shows a total of 539 patients 
underwent liver transplantation. Follow-up information 
was available for 149 patients. 41.6% reported 
improvement of sensory neuropathy, 52.4% improved GI 
symptoms, and 37.4% improved motor and muscular 
function. Nutritional status improved in 39.8% of the 138 


patients who had malnutrition at the time of transplant. 
Cardiovascular symptoms improved in only 20.8% of the 
patients, however; the remaining patients reported either 
no change or a progression of cardiovascular 
involvement. Overall patient survival was excellent, 77% 
after 5 years, which is comparable to survival after liver 
transplantation for other chronic liver diseases. Cause of 
death in this registry was most often related to 
cardiovascular complications (39%), infection and 
multiorgan failure. The rate of cardiovascular 
complications seems to be higher after liver transplant 
for FAP compared with other indications. Cardiovascular 
involvement seems to be a poor prognostic sign. 
Evaluation to determine the extent of cardiac involvement 
before transplant is of utmost importance. 


Domino LTX in FAP 


An intriguing aspect of liver transplantation for FAP is 
the possibility of transplanting the FAP livers into other 
patients (Domino LTX). The rationale is that patients who 
have FAP usually become symptomatic after atleast 20 
years of age and the liver is morphologically normal; it 
is therefore assumed that it would take atleast 20 years 
for a genetically normal liver transplant recipient to 
develop symptoms associated with FAP. Domino LTX 
thus could be an option, especially in patients who have 
shortened life expectancy because of malignancy. The 
post-transplant survival rate for donors of domino FAP 
livers does not seem to differ from patients who had FAP 
whose livers were not transplanted.15/4 


MSUD'7 


Maple syrup urine disease is an autosomal recessive 
disorder characterized by impaired activity of the 
branched-chain alpha-keto acid dehydrogenase complex. 
The resulting accumulated branched-chain L-amino acids 
(BCAAs) and alpha-keto acids exert neurotoxic effects. 
The clinical course is typically manifests with episodes 
of ketoacidosis, each potentially life-threatening. Very few 
cases respond to supplements of thiamine but, for most, 
treatment is limited to dietary management with strictly 
reduced quantities of protein and BCAAs as well as 
aggressive intervention during acute episodes. The 
outcome is potentially favorable when the patients are 
kept on carefully supervised long-term therapy, but even 
with successful treatment late complications including 
brain damage or death are possible,/5 and there is 
increasing awareness of chronic psychological burden in 
older patients with MSUD.!5 Khanna et al reported a case 
of successful Domino LTX has been performed for 
MSUD.' 


amino Liver Transplantation 


DOMINO DDLT 


When the source of the liver graft for the FAP patient 
is a deceased donor, the whole FAP liver is harvested 
along with IVC and other accompanying vessels to be 
used in the domino recipient. Veno-venous bypass is used 
in the 1st recipient. Some technical modifications have 
been made on the domino recipient of FAP liver allograft 
to overcome the cuff limitation such as the use of side 
to side cava-caval anastomosis with closure of the 
suprahepatic and infrahepatic IVC.!5 

These technical innovations in the recipient AHA 
however have no benefit for the FA patient undergoing 
the hepatectomy and may in fact adversely affect the 
safety of the harvesting procedure by requiring high 
dissection of the IVC into the diaphragm."? In addition, 
the IVC is removed with the liver, therefore, requiring 
complete supra-renal vena caval clamping and the use 
of veno-venous bypass.???! Some authors reported that 
IVC preservation in FAP patient and harvesting domino 
liver without IVC and reconstructing the venous outflow 
with an additional piece of IVC with a 2 cm segment of 
the common iliac veins, procured from the deceased 
donor in anticipation of the back table reconstruction. The 
suprahepatic venous cuff is reconstructed using this 
deceased donor IVC. The common iliac veins were 
anastomosed to the right and the trunk of the MHV+LHV 
using 5/0 prolene as shown in the figure below. The 
implantation of domino liver is done in the standard 
piggyback fashion by suturing the reconstructed 
suprahepatic venous cuff to the junction of all three 
hepatic veins of the recipient, without clamping the IVC 
or veno-venous bypass. This procedure obviates the 
necessity for caval clamping or veno-venous bypass in 
the FAP patient, adding to intraoperative hemodynamic 
stability and maximizing patient safety.222325 

Cescon et al. used a vascular graft harvested from 
deceased donor. The graft is opened longitudinally and 
placed upon the venous stumps (RHV, Superficial RHV, 
MHV, LHV) with its inferior wall, which is opened 
circularly in correspondence with each venous orifice and 
anastomosed with an everting 6/0 polypropylene suture. 
The external edge of the vascular graft was trimmed in 
order to obtain a circular stump, which is anastomosed 
end-to-end with the recipient cuff formed by the right, 
middle, and left hepatic veins using an everting 5/0 
polypropylene suture. 


DOMINO LDLT 

When the liver graft for the FAP patient comes from a 
living donor, the retrohepatic IVC, the portal trunk, and 
the peripheral hepatic arteries have to remain in the FAP 
patient because they are essential for the vessel 


reconstruction for the FAP patient. In these cases, the 
explanted FAP liver has multiple, relatively short vascular 
pedicles and biliary orifices that must be reconstructed 
in the domino recipient (Figures 19.1A and B). Multiple 
orifice reconstruction conveys a higher chance of 
complications, therefore using only part of the FAP liver 
as reduced size graft, with more accessible vascular 
orifices, has been the main strategy for Domino LDLT 
for FAP.2525 Inomataa et al. reported, in Domino LDLT, 
use of whole FAP liver without splitting or reducing in 
spite of technical difficulties in reconstruction of the 
vessels in adult recipients, as large liver grafts denote a 
better outcome for the recipient.?5?7 


Vascular 
graft 


Figures 19.1A and B: Schematic representation of outflow 
reconstruction using a vascular graft from deceased donor IVC with 
both iliac veins in Domino LTX.* Vascular graft, is usually an IVC 
graft along with bifurcation of iliac veins is harvested. The end of 
iliac veins is anastomosed to the RHV and venoplasty site of MHV 
and LHV (RHV - Right hepatic vein, LHV — Left hepatic vein, MHV- 
Middie hepatic vein) 


SURGICAL TECHNIQUES FOR USING THE 
WHOLE LIVER IN DOMINO RECIPIENT?” 


Previously reported Domino LDLT for FAP have 
exclusively used partial livers, because either right or left 
lobes, can be handled just like partial liver grafts in regular 
LDLT. Evidently, splitting of whole FAP livers taken 
during LDLT theoretically permits the expansion of the 
donor pool. Inmate et al. reported two domino recipients 
who received the smaller left lobe graft after splitting, 
died post-transplantation. Hence, whole domino liver is 
a better option for the domino recipient. FAP patients 
generally have a smaller body size due to some degree 
of nutritional or digestive impairment and this is may 
lead to smaller than average-sized livers. Smaller size of 
whole FAP livers might be one of the reasons for this 
mortality. 

In most Domino LDLT, using only the right lobe after 
reduction is still the conventional method; however, if 
there is any concern about the graft volume for the second 
recipient, the whole liver can be safely used. Domino 
recipients are generally selected among candidates with 
more critical preoperative conditions, so splitting or 
reduction of an otherwise small liver may result in an 
inadequate sized graft for a domino recipient in a very 
poor condition. 


DONOR OPERATION IN THE FAP PATIENT 
(RECOVERY OF THE LIVER IN THE FAP PATIENT) 


The advantage of using whole liver in domino recipient 
is due to the advantage of larger size of graft in a critically 
ill patient and better postoperative functional recovery. 
The IVC of the FAP patient is preserved as in a typical 
LDLT procedure; nonetheless, while respecting the 
priority of safety for the FAP patient, the transection site 
of the vessels of the FAP liver was modestly modified 
for use in the Domino LT. 

In case of right lobe LDLT in FAP patient, the stump 
ofthe RHV of the FAP patient is left longer, but the MHV 
and LHV are transected as distal as possible so that a 
longer vascular cuff remained on the FAP liver. In case 
of left lobe is used, the length of the hepatic venous stump 
is treated in opposite fashion. The short and right-inferior 
hepatic veins (RIHV) is ligated and transected, but if its 
diameter larger than 7 mm, then it is preserved for a 
possible reconstruction in the recipient operation. If the 
PV of the partial graft for the FAP patient had multiple 
orifices, then the PV of the FAP liver is transected distal 
to the bifurcation of the left and right branch. However, 
if the PV of the partial liver graft had a single orifice, then 
the PV of the FAP liver is transected just proximal to the 
bifurcation. The HA of the FAP liver is transected distal 
to the branching of the proper HA in all the cases; 


s 
however, as in the case of the hepatic vein, the transection 
site is modified modestly according to the partial liver 
graft intended for the FAP patient with the aim of assisting 
the Domino LTX while ensuring the safety of the original 
LDLT. 

When multiple biliary orifices were expected in the 
partial liver graft for the FAP patient, FAP patient's bile 
duct had to be transected relatively distal in order to 
secure multiple orifices for duct-to-duct reconstruction. 
However, in cases with a single bile duct in the partial 
liver graft, the common hepatic duct of the FAP liver was 
transected to leave a single orifice. Duct-to-duct 
reconstruction was preferred for FAP recipients as well 
as for all other LDLT recipients in our center because it 
is a safe option with a lower probability of bile leak or 
life-threatening peritonitis in the immediate post- 
operative period, than hepatico-jejunostomy. Neither a 
veno-venous bypass nor a temporary portocaval shunt 
was used because the complete PV clamping time was 
within 30 min, and it did not represent a risk nor cause 
circulatory instability in the FAP patient." The explanted 
FAP liver was perfused with UW/HTK solution via the 
PV and was preserved in the same solution. If the orifices 
of the middle and the left hepatic veins were separated, 
they were unified by venoplasty in the back-table before 
implantation into the domino recipient. 


DOMINO TRANSPLANTATION PROCEDURE IN 
THE SECOND RECIPIENT 


After total hepatectomy of the domino recipient is 
performed, the FAP liver is put into the abdominal cavity 
and vascular reconstruction initiated; reconstruction of 
the hepatic veins is performed first and then followed 
by the PV anastomosis before reperfusion. Along with 
an effort to obtain long RHV stumps in the domino 
recipient, the lateral wall of the IVC around the RHV is 
dissected for better mobility of the RHV stump. The most 
difficult part of Domino LTX using the whole FAP liver 
without the retrohepatic vena cava is the reconstruction 
of the hepatic veins, especially the RHV. The difficulty 
consists in obtaining a suitable operative field for the 
reconstruction, because the relatively short hepatic veins 
are hidden under the liver parenchyma. Extensive 
mobilization of the IVC wall around the RHV of the 
domino recipient is essential to facilitate reconstruction.” 

Reconstruction of the hepatic veins began with the 
anastomosis RHV of FAP liver and recipient's RHV in 
an end-to-end fashion followed by the common trunk 
MHV + LHV stump of the FAP liver the recipient the 
unified trunk of MHV + LHV of the recipient in an end- 
to-end fashion. Then PV is anastomosed without difficulty 
in an end-to-end fashion, after which the graft liver is 


reperfused before microsurgical reconstruction of the HA. 
If there is PV thrombus, it can be reconstructed by a 
cryopreserved jumping graft. Most of the FAP livers have 
two or more HA stumps. The MHA is always ligated. 
RHA and LHA are reconstructed separately or a simple 
back-table procedure justifying single HA reconstruction. 
For biliary reconstruction, duct-to-duct anastomosis is 
primarily considered, but if it is not possible, 
reconstruction by Roux-en-Y Hepaticojejunostomy with 
or without stent. 


donor 


ino LTX in livin 


A. Donor — —* B. Liver from 
liver FAP patient. 
Donor ———> LLG Whole liver 


Donor — —» LLG Split liver 

Donor — —» LLG RLG 

Donor LLG as APOLT LLG 

Donor LLG as APOLT — RLG2nd Transplantation 


C. Domino recipient 


Temporary auxiliary partial orthotopic liver transplan- 
tation (APOLT) is possible for patients with metabolic 
liver disease but right lobe transplantation for metabolic 
liver disease is not preferred, keeping in view of donor 
safety. 

In Domino recipients, the surgical procedure is 
technically demanding due to the advanced stages of the 
recipient's original disease and the relative difficulty of 
the vessel reconstruction. Prolonged cold ischemia time 
(CIT) than usual LDLT as the domino recipient operation 
routinely started after the FAP liver is taken from the FAP 
patient. The warm ischemia time is also longer than usual 
LDLT because of the complicated vascular reconstruction. 
Hashikura et al. described the possible options Domino 
LTX in living donors focusing more on the left lobe to 
be used in the Ist recipient as shown in the flow chart. 
Because temporary auxiliary partial orthotopic liver 
transplantation is feasible for patients with FAP patients, 
transplantation using the right liver for FAP is invalid 
from the viewpoint of donor. With careful decision- 
making during the procedure, such as where to divide 
the vessels in the FAP patients, Domino LTX may help 
address the shortage of liver grafts.” 

Inomata et al. reported 2 cases of domino split liver 
transplantation. They used left lobe graft for the FAP 
recipient. Domino split-LTX after a LRLT of a patient with 
FAP proved to be successful without apparent short-term 
risks and appears to be a promising option for expansion 
of the donor pool for critically ill recipients on the waiting 
list for DDLT. 
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INTRODUCTION 

Every post-transplant patient is a critical patient and 
patient is kept in ICU for 3-5 days. It is always better to 
have a separate ICU for liver transplantation patients to 
reduce the possibility of cross infections from other 
patients. Each patient should have a closed room in the 
ICU with a specialized nurse trained in transplantation, 
catered for each patient. But this is possible only in high 
volume centers. Postoperative protocols, monitoring and 
care of the patient vary from center to center. 


GENERAL CARE DURING 

POST-TRANSPLANTATION PERIOD 

Respiratory Care 

Patient will be on ventilator for 8-12 hours following 
transplantation and gradual weaning is started after 6- 
8 hours keeping a close watch on arterial blood gas 
analysis. Avoid sedation till extubation. Breathing 
exercises, incentive spirometry are carried out after 
extubation. Fluid over load and pulmonary edema should 
be avoided. Right sided pleural effusion is a common 
problem, treated with diuretics and albumin, if no 
response, pig tail drainage is alternative option. 
Improvement is monitored by daily chest X-ray. 


Monitoring of Vital Signs 


One hourly (1st 48 hours) monitoring of: 
Pulse, BP, respiration, temperature, Oz saturation, 
CVP, Pulmonary artery pressure (PAP) and 
continuous cardiac output (CCO), SVO» and intake/ 
output chart. 


splant patient in ICU 
er transplant ICU 


ation protocols in 


8 to 12 hourly: 
Complete hemogram 
Hb%, Het, Diff Count 
(% of Bands) 

TWBC, TRBC, Platelet count, 

MCV, MCH, MCHC Blood sugar (F and PP) 

LFT: S. bilirubin, AST, ALT Urine analysis and Sp. gravity 
RFT: BUN, S.Creatinine 

Serum electrolytes: Na*, K*, Cl 


Once a day 
Total protein, albumin, globulin, Alk. ph, GGT, Ammonia 
Ca**, Mg?*, Phosphorus, Serum amylase, Lipase, 
Arterial blood gas analysis, CRP 
Coagulation parameters: Antithrombin IIl, FDP and D-Dimer 
Chest X-ray 
Cultures: Sputum, blood, drain fluid, urine, pleural fluid (if any), 
CVP tip, Swan ganz tip and fungal culture(fungal infection?) 
Immunosuppression levels: CsA/Tacrolimus trough level 
Immunological studies #: 
T-CDs, B-CDss, 
CD; T-cell and CDs T-cell 
C3 and C4 levels 
IgG and IgM titer* 


Once a week: 
HBV infection: HBsAg and Anti HBsAb (if HBV +ve) 
CMV infection: CMV IgG and IgM or CMV antigen 
EBV infection: EBV IgG and IgM 
AFP (only in HCC patients) 


Coagulation profile: 
PT, APTT, INR, Fibrinogen level 


("ABO incompatible liver transplantation-once daily for 7 days) 


* Parameter Normal value (%) 
T-CDs 49.9-84.7 

B-CDss 7.8-22.8 

CD; T-cells 23-53 

CDs T-cells 19-49 

CD/CD; 0.59-49 

c3 90-180 mg/di 


C4 10-40 mg/dl 


Tver LLL 


Post-transplant immunosuppression 


Corticosteroids: Methylprednisolone, IV form for the first 7 days and later changed to oral Prednisolone. 
Steroids are continued for 3-6 months in different transplant programs. Presently, early withdrawal of steroids 
after 3 months is followed by some centers, particularly in HCC and HCV patients. In other patients continued 
for 6 months. 

Day of Transplantation: 20 mg/kg IV, intraoperatively (in HCV patients intraoperative steroids are avoided) 


Post-transplant 
1st Day - 3 mg/kg 2nd Day - 2.5 mg/kg 3rd Day - 2 mg/kg 
4th Day - 1.5 mg/kg 5th Day - 1.5 mg/day 6th Day - 1 mg/kg 
7th Day - 0.5 mg/kg 10th Day - 0.35 mg/kg 14th Day - 0.3 mg/kg 
From 3rd week to end of 1st month: 0.25 mg/day 
2nd Month: 0.25 mg/day 3rd Month: 0.13 mg/day 


4th and 5th Months: 0.13 mg/day 6th Month: 0.06 mg/day. 


Induction therapy with anti-Interleukin-2 receptor antibodies: Not routinely used in all transplant programs 
(expensive). Usually used in pediatric transplants and in adult recipients with preoperative poor renal function 
(allows delayed use of CINs). When induction therapy with IL-2 receptors are used, then other immuno- 
suppression like steroids may be given at a lower dosage in early post-transplant period and initiation of 
CINs can be delayed. 


Basiliximab (Simulect—Chimeric anti-IL-2 receptor monoclonal Ab): Dose—20 mg within 6 hrs of reperfusion 
and on day 4 of post-transplantation. (or) 


Daclizumab (Zenapax—Humanized anti-IL-2 receptor monoclonal Ab): Dose—1 mg/kg once in every 
14 days for 5 doses. 


Calcineurin inhibitors (CINs): Tacrolimus/Cyclosporine 


Tacrolimus / FK-506: Most commonly used drug, started within 24 hours of transplantation, at a dose of 
2 ug/kg/hour IV and dose adjusted according to trough levels, later shifted to oral form. Cyclosporine A: 
Mostly replaced by tacrolimus and used as 2nd option in liver transplantation. 


Trough levels of calcineurin inhibitors* 


Time Tacrolimus (ng/ml) Cyclosporine (ng/ml) 
(Prograf-BID/ Advagraf-QID) (BID) 

1st week: 10-15 300-350 

2nd week to 1st month: 10-12 200-300 

1st to 3rd month: 8-10 150-250 

23 months: 6-8 100-200 

>6 months: -5 100-150 


* Monitor trough level and for nephrotoxicity and neurotoxicity 
Antimetabolites: MMF and Azathioprine 


Mycophenolate Mofetil (MMF): Usually started in the first week (usually on the 1st or 2nd postoperative 
day) of transplantation in combination with CINs. Dose: 250 to 750 mg BID depending upon the side effects. 
Some centers do not use it routinely and reserve it for specific indications. 


Azathioprine: Dose 1-2 mg/kg/day. It is an alternative to MMF. Less frequently used. Used for short period. 
It is also used in recurrent autoimmune hepatitis. 


Sirolimus: Starting dose of 5-10 mg/day followed by 1-5 mg/day to maintain trough levels of 5-10 ng/ml. 
Used when patient is intolerant to CINs and/or antimetabolites. It is usually avoided in the first 3 months 
of transplantation to avoid hepatic arterial complications. Used when the patient had high creatinine (renal 
sparing effect) due to CINs and in recipients of HCC (antitumor effect). It can be used in combination with 
MMF, replacing CINs. Trough level is monitored for sirolimus. 

(Immunosuppressive protocols vary from center to center) 


Postural Changes 


Usually started after 24 hours in DDLT. In LDLT/split 
liver with small graft size, early postural changes may 
alter the outflow of allograft. 


Patient Controlled Analgesia (PCA) 

This method uses a computerized pump, which is 
controlled by the patient through a hand-held button that 
is connected to the machine. The pump usually delivers 
medications in small regular doses, and it can be 
programmed to issue a large initial dose and then a 
steady, even flow. When the patient feels the need for 
medication, the patient presses a button similar to a nurse 
call button. When this button is pressed, usually a beep 
is heard, indicating that the pump is working properly 
and that the button was pressed correctly. The pump 
delivers the medication through an intravenous line. The 
medications most commonly used in PCA pumps are 
synthetic, opium-like pain-relievers (opioids), usually 
Morphine and Meperidine (Demerol). Important aspect 
of PCA is patient education. If the patient is unable to 
push the PCA button (due to illness or altered sensorium), 
either the basal rate must be emphasized or nursing staff 
is instructed to assess and administer the PCA dose as 
needed. Naloxone is generally reserved for patients who 
are beginning to show signs of respiratory depression or 
hemodynamic compromise, usually associated with 
bradycardia. 


Continuous Infusion Analgesia 


Other methods of analgesia are by using Fentany | 0.05 
mg/ml/hour continuous infusion in early postoperative 
period. 


Nasogastric Tube 
Nasogastric tube is removed in 24 hours. 


Foley's Catheter 


Foley's catheter is removed in 24-72 hours depending 
upon the patient improvement. 


Arterial Line, Central Line and Swan Ganz Catheters 


Arterial line, central line and Swan Ganz catheters are 
removed in 24-72 hours. One IV line is kept patent for 
at least 3-5 days. Swan Ganz catheter is not routinely used 
in all centers. 


Volume Replacement 


Volume replacement is monitored by input/output chart, 
CVP and PAP. If hypotension persists, optimization of 


blood pressure can be achieved with a number of 
inotropes and vasopressors, both catecholamine and non- 
catecholamine. The following table lists commonly used 
vasopressors, along with dose (adjusted according to the 
need). 


Drug Dose 
* Dopamine 3-25 meg/kg/min 
* Epinephrine 
* Norepinephrine 
* Phenylephrine 


0.01-0.04 units/min 


Surgical Drain Care 


Output from the drains is monitored 1 hourly. Nature 
of the fluid like bloody or bilious has significant 
importance. Excessive blood in the immediate 
postoperative period indicates ongoing bleeding. Bile leak 
also carefully recognised. 

Three suction (JP drains) drains usually left in the recipient: 
a. Left subcoastal area around the cut surface of the 

allograft (1st drain to be removed) 
b. Right subcoastal area 
c. Right subhepatic area 

Drains b and c are removed later depending on the 
drain output and condition of the patients. Fluid 
accumulation is common on the cut surface of the liver 
in the form of clear fluid or minor bile leak after the 
removal of left subcoastal drain. In such cases, pigtail 
drainage is advised. In case of major bile leak ERCP and 
stent placement is considered (discussed in detail later). 


T-Tube 
Use of T-tube is gradually decreasing in the liver 


transplant programmes. T-tube is kept for 3-6 months in 
post-transplant period. 


Ascites 

It is a common problem in post-transplant patients 
particularly HCV +ve recipients. Sometimes it is difficult 
to control post-transplant ascites in HCV patients. Use 
of diuretics, adequate replacement of albumin, fluid and 
electrolytes is important in cases of excessive output. USG 
tapping also helpful if the drains are already removed. 
In case of chylous ascites, fat free diet for 6-8 weeks will 
control ascites due to spontaneous closure of lymphatics 
around perihilar and retroperitoneal area. Somatostatins 
and total parenteral nutrition are used in intractable 
chylous ascites. 


Dressing of the Wound 


Dressing of the wound is done once daily basis, but many 
patients have ascities and leak from the drain site make 
the necessity to change the dressing more than once in 
early transplant period. 


Antibiotics 

Prophylactic antibiotics are given for 5-7 days. Aminogly- 
cosides are preferably avoided in early post-transplant 
period. Anaerobic cover with metronidazloe is required 
if there is evidence of anaerobic infection. 


1st line antibiotics: 

* Penicillin and cephalosporin group are the 1st line 
antibiotics. 

e Penicillin group: Ampicillin 1 gm IV 6 hourly 

* Cephalosporin group: Cefotaxime or cefipime or 
ceftazidime 1 gm IV 8 hourly 

* Ampicillin-salbactam combinations can be used. 


2nd line antibiotics: 
* Imipenem (250 mg) Cislastin (250 mg): 500 mg BID 
* Vancomycin (in case of MRSA): 7.5 mg/kg IV or Oral 
- 500 mg tablets 6 or 8 hourly 
Initially a broad spectrum group of antibiotics are 
selected postoperatively; later antibiotics are changed 
according to the sensitivity reports, in case of evidence 
of infection from culture. 


Analgesics 

In our center routine Fentanyl 0.05 mg/ml/hour is used 
in early postoperative period. Later shifted to oral dosage 
once the patient tolerate orally. 


Proton Pump Inhibitors 


Pantoprazole 40 mg IV infusion BID. Others like 
Omeprazole, Lansoprazole, Esomeprazole and 
Rabeprazole may also be used. They are continued for 
6-8 weeks. 


Albumin 


Hypoalbuminemia is common in liver transplantation, 
corrected by 20% albumin IV infusion 1-2 bottles 6-8 
hourly so as to maintain the minimum albumin level of 
3.5 mg/dl. 


Blood Sugar Control 


Blood sugar is maintained around 6-8 mmol/L to reduce 
postoperative infection. Patients with previous h/o DM 
require aggressive blood. In early postoperative period, 
insulin is required. Once the patient starts oral diet, shifted 


to OHAs are started. If the blood sugar control is not 
adequate with OHAs, then insulin may be added. 
Rosiglitazone with/without sulfonylureas is the standard 
treatment. Pioglitazone is an alternative choice to 
roseglitazone. 


ANTIFUNGAL TREATMENT 


PROPHYLAXIS 


Fungal infection should be kept always in mind in 
patients who are on renal replacement therapy. Routine 
prophylaxis is indicated in all the patients for 3-4 weeks. 
Fluconazole is commonly used. Various antifungal agents 
and their doses are mentioned below: 

Mycostatin (Nystatin): 5 ml/6 hourly for prophylaxis 

(Each ml = 100,000 IU) 

Fluconazole: 200 mg/day IV 

Mycofungin: 50 mg/day IV 

Amphotericin B 5-10 mg/day IV, increased gradually 

to maximum of 50 mg/day. Its use is avoided in case 

of nephrotoxicity. 

In case of evidence of fungal infection like invasive 
pulmonary aspergillosis, any one of the following drugs 
can be used: 


Liposomal Amphotericin B: 3-5 mg/kg/day IV 
Voriconazole: 6 mg/kg IV 12 hourly followed by 
4 mg/kg IV thereafter. 

Fluconazole: 400 mg/day IV 

Caspofungin sodium: 70 mg IV on day 1, followed 
by 50 mg/day IV thereafter 

Mycofungin: 100-150 mg/day IV, dose not yet 
established 

Posaconazole: 200 mg QID initially followed by 400 
mg BID 

Ttraconazole: 200 mg IV BID followed by 200 mg IV 
once daily 


CYTOMEGALOVIRUS PROPHYLAXIS 

Routine CMV Prophylaxis 

Routine CMV prophylaxis to all CMV D«/R- liver 
transplant recipients. Ganciclovir: 5 mg/kg IV daily (dose 
adjusted according to renal function). When the patient 
is able to tolerate oral medications, antiviral prophylaxis 
with oral ganciclovir, 1 gm 3 times/day or oral 
Valganciclovir, 900 mg QD, continued for 90-100 days 
after transplantation. 


Pre-emptive Care 


Universal antiviral therapy is not administered to all 
patients following LTX. Instead, weekly surveillance for 


first 4-6 weeks is performed for CMV, using markers such 
as pp65 antigenemia and Ig G and Ig M titers by 
quantitative polymerase chain reaction (PCR) assays. 
Antiviral therapy is initiated only when CMV is detected 
and subsequently discontinued when the assay is 
negative. It usually takes 2-4 weeks for the disappearance 
of antigenemia. 


Gancyclovir: 5 mg /kg twice daily IV for 2-4 weeks 
Valgancyclovir: Oral dose: 900 mg twice daily 


Pneumocystis Carinii Prophylaxis 

Pneumocystis carinii prophylaxis is started on /after post- 
operative day 7. Cotrimoxazole (Trimethoprim + sulfa- 
methoxazole) 80/400 mg 3 times a week (children: 0.05 
g/kg/day) or Pentamidine inhalation once in every 2 to 
4 weeks are used. Atovaquone is an alternative for PCP 
prophylaxis at a dose of 750 to 1,500 mg/day. Prophylaxis 
continued for one year. 


Electrolyte Correction 

Imbalance in electrolytes particularly Na*, K*, CI- , Ca?*, 
Mg?* and Ph% are closely monitored. Sodium and 
potassium are more commonly fluctuate in early 
postoperative period, particularly in patients with poor 
renal function. 

In Asian countries, use of LMWH, PGE] and Gabexate 
mesylate is routine in many transplant programs during 
early post-transplant period for all LDLTs to avoid 
thrombotic complications. 


Low Molecular Weight Heparin (LMWH) 
50 Units/kg/day is given postoperatively as continuous 
infusion as a prophylactic measure to prevent vascular 
thrombotic complications. This has important role in 
pediatric patients where the incidence of hepatic artery 
thrombosis is more common. PT, ACT and APTT is 
monitoring closely in patients on heparin and dose is 
adjusted accordingly. PT at 15-20 sec and ACT (activated 
clotting time) at 150-200 sec is maintained. After 7 days, 
heparin is discontinued and dipyridamole are used (Dose 
Adults: 300 mg/kg/day, children 4 mg/kg/day) for 1 
to 3 months depending on the center protocols. Platelet 
counts are closely monitored and anticoagulation therapy 
is with held if the platelet count is below 30-50,000 /mm?. 
Heparin induced thrombocytopenia (HIT) is an 
adverse immune-mediated drug reaction, resulting in a 
platelet count decrease of >50% within 5 to 10 days after 
heparin administration. HIT is associated with 
paradoxical thrombosis during heparinization, such as 


deep vein thrombosis, pulmonary embolism, and arterial 
thrombosis. HIT is caused by the platelet factor 4/ 
heparin-reactive antibody. Heparin produces mild 
platelet activation, resulting in the release of platelet factor 
4 from platelet alpha-granules and the formation of 
immunogenic platelet factor 4 and heparin complexes. 
HIT antibodies, B lymphocyte-generated immunoglo- 
bulins that recognize multimolecular complexes of 
heparin and platelet factor 4, strongly activate platelets, 
monocytes, and endothelial cells, which accelerate 
thrombin generation, leading to the development of 
HIT. Kaneko et al. reported that HIT is uncommon 
following liver transplantation. But careful monitoring 
of platelet counts and possible thrombosis is necessary 
when heparin therapy is prolonged or patients have a 
history of heparin therapy.!? 


Prostaglandin E1 (PGE1) 


Intravenous therapy with a prostaglandin E1 analogue 
(Alprostadil), dose: 0.5 ng/kg/h or 0.01 ug/kg/min 
seems to be effective in ameliorating ischemia-reperfusion 
injury to the hepatic allograft in patients with elevated 
arterial vascular resistance and early depressed graft 
function after liver transplantation. It is usually 
administered for 1-3 weeks.5? 


Gabexate Mesylate (Foy) 


Tt is given at a rate of 1 mg/kg/hour. Less commonly 
used. 


Blood Components 

Transfusion with FFP is needed, if the prothrombin time 
is more prolonged and vitamin K is added basing on 
the coagulation profile specifically INR. In some centers, 
routine use of FFP at a rate of 0.5-1.0 ml/kg/hour is 
standard practice. Platelet transfusion is required, if the 
platelet count goes down. There are no clear cut levels 
beyond which platelet transfusion should be given. 
However 20,000-30,000 /mm? may be taken as cut-off and 
platelet transfusion indicated below this level. Packed 
RBC is given so as to maintain the hemoglobin level 
around 10 gm%. The indication for transplantation, 
platelet transfusion, and red blood cell transfusion were 
identified as important risk factors predicting 1-year 
patient survival.i* 


Nutrition 
Early enteral nutrition is the golden rule in liver 


transplantation and commenced as per the advice of 
dietician. 


ANTIVIRAL TREATMENT 
HBV POSITIVE RECIPIENT 


Aim is to maintain Anti Hbs Ab titer at least 100 IU/ 
L at the end of 3 months 


Treatment plan for HBIG after LTX 


Anti HBs levels at 


Lamivudine 100 mg /day started 3-4 weeks before 
transplantation in elective cases and continued post- 
operatively for long term. Entecavir (0.5 mg/day) now 
a days used as first line antiviral drug for HBV 
patients.Adefovir dipivoxil 10 mg/day is used in case 
of HBV mutants. Telbivudine is also another option. 


Taiwan National Policy for HBV prophylaxis after LTX 


HBIG (Hepatitis B immune globulin)* 
Anhepatic phase 10,000 IU iv 
Day 1-7 2,000 IU daily 
Day 8-28 (13 weeks) 2,000 IU once a week for 3 weeks 
2-12 months 2,000 IU once a month or 800 IU im 


* Costisan important factor while using HBIG. (Source: 
Lee PH, NTUH) 


CORE ANTIBODY POSITIVE DONORS (HBV -ve 
RECIPIENT RECEIVING GRAFT FROM HBcAb «ve 
AND HBsAg -ve DONOR) 

Post-transplant HBV prophylaxis depends on the HBV 
DNA status of donor and anti HBsAb titers of the 
recipient. In pre-transplant period anti HBsAb titers are 
checked in the recipient. If Anti HBsAb titers are very 
low or absence of antibody titers, recipient is immunised 
with 3 doses of HBV recombinant vaccine at an interval 
of 1 month. During anhepatic phase 2000 U/kg HBIG 


is given intravenously. Lamivudine/entecavir is started 
in post-transplant period. Anti HbsAb titers are usually 
maintained at least 200 U/L by once a monthly dosage 
of HBIG 2000 units IV for longer time. Cost factor is a 
concern with HBIG therapy. So many centers stop HBIG 
after 6 months of maintenance of adequate Anti HbsAb 
level. In post-transplant period, if the Anti HBsAb titers 
are high (21000 IU/L) for a long time, antiviral treatment 
may be discontinued. Exact duration of antiviral 
treatment in such recipients is a matter of debate. 


HCV POSITIVE RECIPIENT 


Early initiation of HCV antiviral treatment is not 
recommended. HCV treatment is started in 4-8 weeks 
depending upon the clinical and laboratory evidence of 
HCV recurrence. Interferon and ribavarin combination 
is recommended. Treatment is discussed in detail in 
recurrent diseases after liver transplantation. According 
to National Taiwan Policy, fibrosis score F1 (Ishak score) 
on liver biopsy is an indication for treatment hepatitis 
C infection. 


Pegylated interferon (Peg.IFN) a-2a: 180 ug once weekly, 
subcut. or Pegylated Interferon c-2b 1-1.5 ug/kg/week, 
subcutaneously or in combination with oral ribavirin 800- 
1200 mg/day. Duration of treatment is for 48 weeks for 
genotype 1 and 4, and for other upto 24 weeks depending 
upon the patient tolerance. Ribavarin is continued for 
another 6 months after discontinuation of interferon. 


DUS 


Doppler ultrasound is routinely done everyday in the first 
week followed by once in 2 days in the 2nd week to verify 
the graft flow and for early diagnosis of: 

* Vascular (HA/PV) thrombosis 

* Bilioma/intra-abdominal collection 

* Signs of rejection 

* Biliary obstruction. 


Role of RRT (Renal Replacement Therapy) 


Poor renal function is a common problem in early post- 
transplant period. Early initiation of RRT in the form of 
CVVHD or hemodialysis is the key to success. CVVHD 
is preferred as the most of the patients requiring RRT are 
hemodynamically unstable. Intermittent hemodialysis 
can be used in stable patients. 


UDCA 


In case of cholestasis UDCA 8-10 mg/kg in 2-3 divided 
doses given for 6 months to 1 year. 


Dry Cough, Constipation and Insomnia 


Dry cough, constipation and insomnia are common 
problems in ICU patients, which are treated 
symptomatically with cough suppressants, laxatives, and 
mild sedation respectively. 


Multivitamin Infusions 


Multivitamin infusions are given in early post transplant 
period. 


Psychological Support 


Psychological to the patient and family is very important 
in early post-transplant period. Nurse coordinators 
interacts along with the ICU staff to support the both the 
patient and family. Psychiatrist opinion is needed 
sometimes. ICU psychosis is a problem in patients who 
stay in ICU for long time. But before diagnosing it, CINs 
neurotoxicity is to be ruled out. Opinion of psychiatrist 
is needed in such cases. 


Postoperative Bleeding 


Approximately 5% of patients during early post- 
transplant period need re-exploration to control bleeding. 
This decision depends on excessive blood in the drains, 
hemodynamic instability and drop in hemoglobin level. 
Other indication for re-exploration is early HAT or PVT. 


Bowel Perforation 


Bowel perforation is an infrequent complication and 
should be kept in mind particularly in pediatric patients. 
Pyrexia and a sudden increase in heart rate, abdominal 
distension, free gas in abdomen may signal perforation. 


Liver Biopsy 


Liver biopsy is avoided in early postoperative period, but 
may be needed to confirm the diagnosis in controversial 
cases. 

Close monitoring of liver function is critical to diagnose 
PNF, DGF, early infection, rejection, HA /PV /HV throm- 
bosis. Close monitoring of graft function and 
regeneration, immunosuppression levels and medical 
compliance every 3-4 weeks until the corticosteroids are 
completely stopped (6 months). 


Discharge 


Patient is usually discharged in the end of 2nd week, but 
the patient should stay close to the hospital for another 
3-4 weeks. 


POST-TRANSPLANT FOLLOW-UP 


The follow-up OPD visits after discharge from the 
hospital vary from 2 weeks to 3 months. During the first 
3 months after transplantation the recipient can be 
reviewed in OPD once in 2 weeks, later once a monthly 
visitis usually followed. Patients who are doing well after 
transplantation with good compliance can be followed 
in OPD once in 2-3 months. Follow-up is for life long. 
OPD follow-up visits are always flexible depending upon 
the clinical status of the recipients. 


Advice to the patient at the time of discharge 

General care 

* Regular visit to transplant OPD as per the advice 

* Regular use of medication without any missing doses 

* Bring update list to OPD. 

* Frequent hand washing and maintenance of hygiene 
to avoid infection 

* General abdominal wound and drain care 

* Check body weight once a week 

* Temperature measurement everyday 

* Return to work after 2-3 months, not to lift weights 
for 3 months 

* Heavy vehicle driving restricted for 2 months 

* Return to sexual activity after 1-2 months 

* Use of contraceptives and birth control measures in 
females 

* Avoid partially cooked foods. 


Report to transplant OPD in any of 
the signs and symptoms 
* Fatigue/ weakness 
* Fever > 100°F + chills 
* Vomiting or diarrohea 
* Itching/Jaundice/clay colored stool 
* Wound discharge or pain 
* Right upper quadrant pain 
* Cough = expectoration 
* Urinary symptoms like dysurea/frequency. 


COMMON IMMUNOSUPPRESSIVE DRUGS 
USED IN LTX 


Because the majority of acute rejections occur within the 
first few months after liver transplantation, most centers 
try to taper off steroids and minimize maintenance trough 
levels of calcineurin inhibitors within the first 6 months 
after LTX.!? Recently, more rapid steroid withdrawal 
programs (within 2 week) were introduced.?^ The aim 
of steroid withdrawal is to reduce long-term 
complications, such as diabetes mellitus, hyperlipidemia, 
and opportunistic infections. The shorter steroid regimen 
increases the possibility of late-onset acute rejection, 
which might result in graft loss and serious morbidity.> 


TACROLIMUS / FK-506 


Available as Prograf: Given as twice daily dose and 
Advagraf: Prolonged release tablets, given as once daily 
dose. 


PROGRAF 


Prograf: available as 0.5 mg, 1 mg, and 5 mg capsules. 
Tnjections are available at 5 mg/ml (equivalent of 5 mg 
of anhydrous tacrolimus per ml) diluted infusion solution 
should be stored in glass or polyethylene containers and 
should be discarded after 24 hours. The diluted infusion 
solution should not be stored in a PVC container due to 
decreased stability and the potential for extraction of 
phthalates. Tacrolimus injection should not be mixed or 
co-infused with solutions of pH 9 or greater (e.g. drugs 
solutions such as ganciclovir or acyclovir). 


Laboratory investigations during post-transplant 

follow up during OPD visit 

Routine: (During every visit) 

Hb, Hematocrit, Differential Count (% of Bands) 

TWBC, TRBC, Platelet count, MCV, MCH, MCHC 

Liver function tests: S.Bilirubin, AST, ALT 

Total protein, albumin, globulin, Alk. pH, GGT, LDH 

Coagulation profile: PT, APTT, INR, 

Renal function tests: BUN, S.Creatinine 

Serum electrolytes: Na*, K*, Cl- 

Blood sugar (AC and PC) 

Cholesterol, Triglyceride 

Urine analysis and Sp. gravity 

Serum amylase, Lipase, 

Immunosuppression levels: Cs A /Tacrolimus/sirolimus 

trough level 


Specific 
HBV positive recipients: Anti HbsAb (during every visit) 
HBsAg, HBeAg and Anti HBeAb (once in 3 months) 
HBV DNA and Mutants (once in 3-6 months) 
HCV + recipients: HCV RNA once in 3-6 months 
HCC patients: AFP (during every visit) 
Ultrasonography: Once in every 3-6 months. 
(HCC +ve recipients: once in 3 months) 
CMV infection: CMV IgG and IgM (depending on the 
clinical status) 
EBV infection: EBV IgG and IgM (depending on the clinical 
status) 
ABO incompatible LTX patients: 
Immunological studies (during every visit) 
T-CD3, B-CD;s, CD, T-cell and CDs T-cell 
IgG and IgM titer (during every visit) 
AIH/PBC: Antinuclear antibody / Antimitochondrial 
antibody (Once in 6 months) 
Recipients with Diabetes mallitus: HbA1c (once in 3-6 
months). 


ADVAGRAF 


Approved for use by European Union (EU). The EU 
approval of Advagraf is based on the results of Phase 
TI trials in liver, kidney and heart transplant patients 
(n=613) and a phase III trial 4 (n=638). Further shorter 
studies were also carried out in 119 kidney transplant 
patients and 129 liver transplant patients, looking at how 
Advagraf is absorbed by the body in comparison to 
Prograf. These studies have confirmed the safety and 
efficacy of once-daily Advagraf to be similar to that of 
twice-daily Prograf. It is a prolonged-released capsule 
containing tacrolimus (0.5 mg: yellow and orange; 1 mg: 
white and orange; 5 mg: greyish-red and orange). 
‘Prolonged-release’ means that tacrolimus is released 
slowly from the capsule over a few hours. In liver 
transplant, the starting dose is 0.10 to 0.20 mg/kg. 

Tacrolimus should not be taken with grapefruit or 
grapefruit juice as this may cause blood levels of 
tacrolimus to increase. It may be taken with food or on 
an empty stomach, but one should try to be consistent 
(e.g. always with food or always on an empty stomach). 
Capsules are stored at 59° to 86°F and injections are stored 
at 41° to 77°F. 


CYCLOSPORINE 


Cyclosporine is available as Sandimmune available as 
soft gelatin capsules: 25 mg and 100 mg, oral solution 
(50 ml) and injection form (5 ml, 50 mg/ml). Neoral 
available as 25 mg, 50 mg and 100 mg capsules, oral 
solution (50 ml, 100 mg/ml). It may be taken on an empty 
stomach or with food to reduce stomach irritation. The 
capsules should be swallowed whole and not opened, 
crushed or chewed. It should not be mixed with grape 
juice. 


MYCOPHENOLATE MOFETIL 


Available as Cellcept (MMF) and Myfortic (mycopheno- 
late sodium). 


CELLCEPT 


Cellcept is available for oral administration as capsules 
containing 250 mg of mycophenolate mofetil, tablets 
containing 500 mg of mycophenolate mofetil, and as a 
powder for oral suspension, which when constituted 
contains 200 mg/ml mycophenolate mofetil. Cellcept 
intravenous is the hydrochloride salt of mycophenolate 
mofetil. Cellcept Intravenous is available as a sterile white 
to off-white lyophilized powder in vials containing 
mycophenolate mofetil hydrochloride for administration 
by intravenous infusion only. Each vial of cellcept 
intravenous contains the equivalent of 500 mg 
mycophenolate mofetil as the hydrochloride salt. 
Reconstitution and dilution with 5% Dextrose injection 


yields a slightly yellow solution of mycophenolate 
mofetil, 6 mg/mL. 


MYFORTIC 


This is a form of delayed release tablets, available as 180 
mg and 360 mg tablets. It is taken in an empty stomach, 
1 hour before or 2 hours after food intake. Use of myfortic 
during pregnancy is associated with increased risks of 
pregnancy loss and congenital malformations. 250 mg of 
MMF is equal to 180 mg of myfortic and 500 mg of MMF 
equal to 360 mg of Myfortic. Margaret et al?! reported 
that MMF is both effective and safe as add-on therapy 
to rescue liver grafts with steroid resistant rejection in 
children under CIN-based immunosuppressive regimens, 
with good long-term patient and graft outcome. 


SIROLIMUS 


Available as Rapamune as tablets, 1 mg, 2 mg and 
solution (1 mg/ml) Sirolimus is a second-generation 
immunosuppressive agent, which provides an alternative 
to standard immunosuppressive regimens. Voriconazole 
is contraindicated for use along with sirolimus.? Side 
effects are hepatic artery thrombosis, graft loss and 
mortality. Hence, it is less commonly used in liver 
transplantation. The most notable and concerning adverse 
effect of sirolimus is hyperlipidemia, involving both 
hypercholesterolemia and hypertriglyceridemia, also 
causes penumonitis. 

Yang et al? reported that sirolimus is a safe, effective 
replacement agent as primary immunosuppressive 
therapy following withdrawal of CNIs in liver transplant 
recipients with CNI-induced chronic nephrotoxicity. 
Nocera et al.? recently reported in his series of HCC 
patients, that sirolimus based immunosuppression is 
effective, even as monotherapy, in liver transplant 
patients without any increased risk for rejection. Sirolimus 
is seemed to be safe, with an acceptable side effect profile, 
as long as there was tight patient screening for 
predisposing factors to sirolimus related side effects, 
namely, are pre-existent dyslipidemia, anemia or low 
peripheral blood white cell or platelet counts. However, 
Large randomized trials investigating sirolimus use in 
HCC liver transplant patients is awiated. 


AZATHIOPRINE 


Azathioprine is available as Imuran; 50 mg tablet and 
100 mg (as the sodium salt) for TV injection. Store at 59 
to 77°F, in a sealed, light-resistant, container, avoid 
moisture. Always to be taken with food and is secreted 
in breast milk. It causes serious lowering of the white 
blood cell count, resulting in an increased risk of 
infections. This can reverse when the dose is reduced or 
temporarily discontinued. GI side effects are nausea, 
vomiting, and loss of appetite. 


TOLERANCE 


The literature research on tolerance is beset with 
contradiction and part of this confusion arises from the 
definition of tolerance. Perhaps from a clinician’s point 
of view the long-term function of a graft without the need 
for maintenance immunosuppression would be a 
reasonable definition and tolerance could be looked upon 
rather like happiness, as something that we recognize 
when it is not present and there are varying degrees when 
it is present that are not always perceived. We found in 
kidney-allografted pigs that a 7-day course of high-dosage 
intravenous cyclosporine A could result in tolerance and 
this occurred in approximately 50% of animals when a 
gap of 48-72 hour was left after the first dose before the 
next six doses were given.!° 


TOLERANCE AND THE LIVER IN THE CLINIC 


The spontaneous tolerance to liver grafts in some pigs 
and rodents without immunosuppression is not fully 
understood. However, a clinical experiment conducted 
on a number of Dr Starzl’s patients showed that many 
years of ‘operational tolerance’ can occur after a successful 
liver graft following initial standard immunosuppression. 
Some patients stopped taking their drugs without telling 
their doctors. Others were taken off immunosuppression 
because of viral infections. A surprising number of 
patients continued to survive with good liver function 
for years.!! 

Kyoto University’? has developed protocol for 
withdrawl of immunosuppression based on the following 
criteria 
1. 2 years or more passed after LTX. 

2. Normal liver function tests. 

3. No history of acute cellular rejection within 1 year. 

4. No evidence of progressive bile duct damage on liver 
biopsy. 

They succeeded in creating immune tolerance in 35 
children out of 67. But to date, we cannot predict which 
patients can be safely weaned off immunosuppression. 


GRAFT FUNCTION AND GRAFT 
REGENERATION IN RECIPIENT 


POSTOPERATIVE EVALUATION OF GRAFT 
FUNCTION'S 


Serum total bilirubin, AST, ALT, PT, INR, serum albumin 
levels were examined postoperatively at 1 and 2 weeks 
as well as one, three and twelve months after LDLT. CT 
Scan in done at 1, 3 and 12 months to evaluate the liver 
regeneration and volume assessment. (Figures 20.1 to 20.6 
shows the graft regeneration and volumetry in a right 
lobe graft after one month of LTX). 

Right lobe recipient's follow up after one month of 
transplantation (Figures 20.1 to 20.6). 


Figure 20.4: Arterial phase showing arterial anatomy 
(after 1 month) 


Figure 20.5: Both portal and hepatic veins are shown 
(after 1 month) 


Figure 20.3: Venous phase sh Figure 20.6: CT volumetry in a RLG recipient after one month 
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(after 


EVALUATION OF GRAFT REGENERATION'5 


The calculated GV itself and regeneration rate (RR) were 
compared between groups. 
GVn-GV0 
a GV0 

[RR, regeneration rate; GVO, Initial graft volume 
measured just after harvesting (ml = mg); and GVn, 
volume of the graft on computed tomography at n months 
after LDLT (mL)] 

Another index of graft regeneration was defined as the 
volume ratio to the recipient SLV, because regeneration 
of the graft size converged toward the SLV. The volume 
ratio of the whole graft to SLV at n months after LDLT 
was calculated as follows: 


GVn e 
stya 10009) 

(SLVn, SLV calculated at months after LDLT; and 
RSLVn, volume ratio of the graft to the recipient SLVn 


months after LDLT). 


x100(%) 


RSLVn = 
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INTRODUCTION 


Immunosuppression plays an important role in solid 
organ transplantation in patient and graft survival. 25- 
80% of patients present with acute cellular rejection! and 
5-10% will develop chronic rejection in liver transplanta- 
tion? Adequate immunosuppression will control these 
episodes of rejection. 


IMMUNOSUPPRESSION IN LIVER 
TRANSPLANTATION 


Immunosuppression in liver transplantation is classified 
into three different phases: 

* Induction (initial) phase 

* Maintenance phase 

* Treatment of rejection. 


INDUCTION/INITIAL PHASE 


In includes events immediately associated with 
implantation and reperfusion of the liver allograft. High 
level of immunosuppression is maintained during this 
phase. Goal of induction phase is to induce of a state of 
acute immunologic nonresponsiveness or immuno- 
paralysis to prevent early cell-mediated rejection. Initial 
immunosuppression therapy includes a combination of 
high dose glucocorticoids and calcineurin inhibitors to 
protect the allograft from acute cellular rejection (ACR) 
that is comparable with the protection achieved with 
induction antilymphocyte based therapy? 
Benefits of not using antilymphocyte therapy is to* 
* Decrease in opportunistic infections 
* Decrease the cost of therapy 
* Lower incidence of post-transplant lymphoprolifera- 
tive disease, (PTLD) 
* Reserve this therapy for treatment for steroid-resistant 
rejection episodes. 


MAINTENANCE PHASE 


Change from induction therapy to maintenance immuno- 
suppression therapy should be gradual. Calcineurin 
inhibitors (Cyclosporine and Tacrolimus) are usually the 
basis for the most of maintenance immunosuppression 
protocols. Trough level of maintenance immuno- 
suppression is adjusted according to the needs of the 
patient like history of rejection in patient or underlying 
liver disease. Patients who experience frequent episodes 
of ACR are maintained on higher blood levels of 
immunosuppression for longer periods of time. On the 
other hand some patients do well with low blood levels 
of immunosuppression. So blood level and patient's 
immunological response to allograft varies from patient 
to patient. As patients show stable graft function without 
episodes of rejection, most transplant centers make every 
effort to gradually reduce and maintain low levels of 
immunosuppression to avoid immunosuppression 
related side effects and at the same time to avoid episodes 
of rejection. If necessary required modifications are made 
depending upon the side effects in the patients like 
neurotoxicity or nephrotoxicity (calcineurin-associated).>* 
Few patients have benefited from reduction in dose of 
calcineurin inhibitors or from switching to alternative 
drug of same group or treating with a different 
immunosuppressive agents. 


TREATMENT OF REJECTION 


Rejection in liver transplant is divided into 3 types 
(discussed in detail in respective chapters) 
* Hyperacute rejection 
* Acute cellular rejection 
* Chronic rejection 

Hyperacute rejection/ Antibody mediated rejection is 
mediated is difficult to treat, once it is established and 
leads to high mortality rates. The mainstay of therapy 
is treatment of acute cellular rejection is to treat with 


Classification of Immunosuppressive drugs in LTX 


1. Corticosteroids 
2. Cell cycle inhibitors 


Early cell cycle inhibitors: Calcineurin Inhibitors (CIN) 


Cyclophilin-binding drugs: Cyclosporine (Cs A) 
FKBP12-binding drugs: Tacrolimus (FK-506) 


Late cell cycle inhibitors: Transduction via IL-2R: Sirolimus (Rapamycin) (SRL) 


3. Inhibitors of nucleotide synthesis: Purine synthesis (IMPDH) inhibitors: Mycophenolate mofetil (MMF) 

4. Antimetabolites: Azathioprine (AZA), 6-Mercaptopurines 

5. Antibody therapy 
Compound Antibody source Brand name Target 
Antilymphocyte Globulin Horse MALG Antigens on lymphocyte cells 
(ALG) Polyclonal 
Antithymocyte Globulin Horse ATGAM Antigens on lymphocyte cells 
(ATG) 
Antithymocyte Globulin Rabbit Thymoglobulin Antigens on lymphocyte cells 
(ATG) Polyclonal 
Monoclonal Anti CD; Ab Murine Orthoclone OKT3 CD; complex on T-cells 
(Muromonab-CD3) Monoclonal 

6. Anti-interleukin-2 receptor antibodies 
Basiliximab Mouse/Human Simulect CD» Interleukin 2 receptors 
Chimeric monoclonal 
Daclizumab Human Zenapax CD» Interleukin 2 receptors 


high-dose glucocorticoids which are used as high dose 
bolus dose or pulse therapy followed by tapering. In 
majority of cases, mild to moderate ACR responds steroid 
therapy. Treatment for severe ACR or steroid-resistant 
rejection may require use of antilymphocyte antibody 
therapy.’ Tacrolimus (FK-506) is very effective drug to 
reverse mild, moderate, and severe ACR® and steroid- 
resistant rejections.^!? Treatment of established chronic 
allograft rejection is very limited. 

David et al. classified both older and newer immuno- 
suppression agents in one group. 


CORTICOSTEROIDS 


Corticosteroids play key role both in induction therapy 
and ACR. The adverse effects of this group on long-term 
used have led to early withdrawl in LTX. 


Route of Administration 


Intravenous form: Methylprednisolone given during 
surgery and early postoperative period. Oral form: 
Prednisolone given after 4-5 days post-transplant 
continued 3-6 months with gradual tapering of dose. 


Pharmacokinetics 


Prednisone rapidly reaches peak plasma level within 
1-2 hours of oral administration. It is metabolized in liver 
to prednisolone and then to inactive compounds. In 
hepatic insufficiency, increased levels are marked due in 


insufficient metabolism. It is excreted in urine. 
Hemodialysis does not really affect the clearance of this 
drug. Secreted in breast milk and can cross placental 
barrier. 


Adverse effects of corticosteroids 
* Hyperglycemia 
* Increased appetite and weight gain 
* Insomnia 
* Osteoporosis 
Cataract 
* Myopathy 
* Neurological impairment—psychosis, insomnia 
* Skin changes 
* Adrenal insufficiency (if tapered suddenly) 


Mechanism of corticosteroids 

* Decrease the cytotoxic T-cell proliferation and 
cytotoxicity 

* Inhibit the production and expression of cytokines like 
IL-1,IL-2,IL6, INF 

* Block the ability of macrophages to respond to 
lymphocyte derived signals 

* Depress delayed hypersensitivity 

* To some extent inhibits antibody-dependent 
cytotoxicity 

* Inhibit production y-interferon 

* Decreases local inflammation by decreasing migration 
of neutrophils and inhibiting lysosomal enzyme 
released by neutrophils. 


Use in Transplantation 
Initial therapy and maintenance therapy for 3-6 months. 


Treatment of ACR 


500-1000 mg of methylprednisolone for 3 days or 1000 
mg of methylprednisolone single dose followed by taper 
within 6 days. Early suppression of corticosteroids is 
advised in HCV related transplants with increased viral 
load and to avoid early reactivation of HCV. 


EARLY CELL CYCLE INHIBITORS 
CALCINEURIN INHIBITORS (CINS) 


This group provides the immunosuppressant base for 
most antirejection therapies in all solid and cellular organ 
transplants. The discovery of cyclosporine, the first 
calcineurin inhibitor used for immunosuppression, 
defined a new revolution in solid organ transplantation. 
Cyclosporine and tacrolimus both agents act in a similar 
fashion, each possess many unique qualities that have 
clinical relevance. Patients on tacrolimus have fewer 
episodes of ACR, steroid-resistant rejection, less exposure 
to Muromonab-CD; therapy, and lower cumulative 
steroid exposure.** Tacrolimus is effectively to treat ACR 
as a single drug or in combination with glucocorticoids.* 
Tacrolimus has been shown to reverse steroid-resistant 
rejection"! and reverse chronic allograft rejection in 
selected liver transplant recipients.'? Both tacrolimus and 
cyclosporine show similar graft and patient survival in 
LTX55/? Tacrolimus is also useful in chronic rejection. 


Mechanism of Action 


Inhibition of cytokine gene transcription, primarily 
interleukin-2 (IL-2) in T-lymphocytes Inhibition of 
calcineurin (calmodulin-dependent serine-theroinine 
protein phosphatase) occurs when it is bound to either 
tacrolimus-FK binding protein (FKBP) complex or the 
cyclosporine-cyclophilin complex.!4 This interferes with 
the dephosphorylation of nuclear factor of activated T- 
cells (NF-AT). Potency of tacrolimus at calcineurin 
inhibition is 10 to 100 times greater than cyclosporine. 
Tacrolimus interferes with the transcription of a variety 
of other cytokines, IL-3, IL-4, interferon-o (IFN-c:), tumor 
necrosis factor-a (TNF-a), and granulocyte-macrophage 
colony-stimulating factor (GM-CSF).&5 Tacrolimus is 
hepatotrophic a property not shown by cyclosporine. This 


tissue-specific distribution may partially explain the lower 
rates of allograft rejection obtained with tacrolimus. 


Cyclosporine (Cs A) 

Available as Neoral and Sandimmune: liquid and liquid 
filled gel capsules. It is a fungal polypeptide extracted 
from Cylindrocarson lucidum. It is insoluble in water, 
soluble in organic solvents and lipids. Neoral is a micro 
emulsion formulation, less dependent on the presence of 
intestinal bile for absorption than Sandimmune.? Oral 
bioavailability ranges from 17 to 68%. Food decreases the 
rate absorption. External biliary drainage has little impact 
on the extent and degree of absorption of Neoral but 
significantly decreases bioavailability of Sandimmune.”” 
Initial dosage pharmacokinetics of cyclosporine 
demonstrated a large volume of distribution (13 L/kg). 
But on chronic dosing, however, results in a steady state 
volume of distribution of 3 to 5 L/kg. Tacrolimus and 
cyclosporine are partitioned into plasma, serum, and 
erythrocytes. Cyclosporine undergoes extensive hepatic 
metabolism primarily by the P450-3A cytochrome 
founded by GI and liver microsomal enzyme system 
generating more than 17 metabolites. Pediatric patients 
seem to have a higher rate of drug clearance, which is 
ascribed to increased cytochrome activity in the 
gastrointestinal tract.?! 

It is excreted in the bile. Less than 0.1% of cyclosporine 
is excreted unchanged in the urine. Dose reduction is 
required if the renal toxicity is due to Cs A. In case of 
Cs A induced nephrotoxicity, other drugs like 
aminoglycosides, Amphotericin B, acyclovir and NSAIDs 
should be cautiously used. Half life is around 15 hours 
(10-40 hours). Microemulsion and nonemulsion 
formulation of cyclosporine demonstrate wide variability 
in different patients and in he same patient also. Clinically, 
this variability is reflected in a wide range of trough values 
for the same dose exposure in a patient and different 
patients. When Cs A is given parentally, it should be 
mixed in a glass container because its lipophilic nature 
causes it to bind to plastics. Cs A trough levels are 
monitored by immunoassay and High pressure liquid 
chromatography assay (HPLC) methods, HPLC assay is 
preferable in many centers. The mode of action of Cs A 
disrupts HCV RNA synthesis resulting in potent 
inhibition of HCV replication. Tacrolimus did not affect 
the HCV RNA level. Graft survival in liver transplant 
recipients with HCV may be greater with CsA-based 
immunosuppression.^* 


Trough levels to be maintained after liver 


transplantation” 
Time period Range of trough level (ng/ml) 
Cyclosporine Tacrolimus 
1st week 3007350 1215 
1st week to 1 month 2007300 10°12 
1 to 3 months 1507250 810 
> 3 months 100°200 68 


After 6 months to 1 year of transplantation, if the graft 
function and liver functions are within normal limits, then 
low trough levels are acceptable. 

All drugs except Prednisolone and Sirolimus are 
available in both oral and parenteral forms. 

Methylprednisolone is used when parenteral 
corticosteroids are given in early post-transplantation. Cs 
A, Tacrolimus and MMF are taken 1 hr before or 2 hours 
after a meal. 


Sirolimus is taken consistently in relation to eating. 


Adverse effects Adverse effects 
more common more common 
with Tacrolimus with Cyclosporine 


Post-transplant diabetes mellitus Hirsutism 
Gastrointestinal symptoms Gingival 


Hyperplasia 
Headache Hyperlipidemia 

Hypertension 
Tacrolimus 


Synonym: FK-506 or Fujimycin. 
Available as: Prograf and Advagraf (sustained release 
capsules for once daily dose). 

Tacrolimus was discovered in 1987 by a Japanese team 
headed by T. Goto, T. Kino and H. Hatanaka. It is a 
Macrolide antibiotic found in a soil fungus, although it 
is produced by a type of bacteria, Streptomyces 
tsukubaensis.? The name tacrolimus is reportedly derived 
from Tsukubaf, macrolide immunosuppressant. It was 
first approved by the Food and Drug Administration 


Pharmacokinetics of immunosuppressant drugs 


Prednisolone 5-20 mg/day Liver Kidney — Yes Yes No No 
Cyclosporine 8+4 mg/kg/day Liver Bile, Kidney Yes Yes Yes No Yes 
Tacrolimus 0.1-0.3 mg/kg/d Liver Bile Yes Yes Yes No Yes 
Sirolimus 2 mg/day Liver Bile — Yes Yes No Yes 
MMF 500-1000 mg bid Liver Kidney Yes — — No No 
AZA 1-2 mg/kg/day Liver Kidney Yes = Yes Yes Yes 


Side effects of immunosuppressants?* 


Year 1976 1987 1975 1991 1963 
Side effects Hyperglycemia Nephrotoxicity Nephrotoxicity Anemia Anemia Bone marrow 
HTN Neurotoxicity Neurotoxicity Leucopenia Leucopenia depression 
Neurotoxicity Hyperkalemia Hyperglycemia Thrombocy- Thrombocy- Pancreatitis 
Hyperlipidemia Hypomagnesemia Hyperkalemia topenia topenia 
Osteoporosis HTN Hypomagnesemia Gl: Toxic hepatitis 
Myopathy Hyperlipidemia HTN Headache Nausea 
Cataract Hyperglycemia Hyperlipidemia HTN Vomiting Veno-occlusive 
Weight gain ^ Hepatotoxicity Cardiomyopathy Hyperlipidemia ^ Anorexia disease 
Gastritis Hirsuitism (in children) Hypokalemia Diarrhea 
Gingival hyperplasia Hirsuitism Hepatic art. Esophagitis 
Skin changes Gingival hyperplasia thrombosis Gastritis 
Gynecomastia CMV inf. 
Fibroadenoma 


Cs A induced gynecomastia is reversible on changing to Tacrolimus 
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(FDA) in 1994 for use in liver transplantation. It is 
available in oral and parenteral forms. Oral form 
commonly used. Oral bioavailability is 5 to 67% with 
a marked variability in the rate of absorption.*”?* 
Bioavailability was significantly higher after partial liver 
transplantation using the right hepatic lobe compared 
with full-size transplants.?? 

Absorption is reduced by food but seems less 
dependent on the presence of bile.? Tacrolimus 
metabolized in the liver by the mixed function oxidase 
system, primarily the cytochrome P450-3A subset and 
also to some extent metabolized in small intestine by small 
bowel cytochrome system.* Pediatric patients clear 
tacrolimus ata faster rate than adults do on a body-weight 
basis. Most tacrolimus is excreted as a conjugate in the 
bile (2956), with less than 1% excreted unchanged in the 
urine.? Terminal elimination half-life of tacrolimus is 
approximately 12 hours, Measurement of trough levels 
is useful in dosage adjustment. Unlike cyclosporine, 
tacrolimus has a strong trough area-under-the-curve 
(AUC) correlation. As a result, trough levels are used to 
guide immunosuppressive effect and monitor toxicity! 


Adverse effects: Hypertension common in both drugs,>° 
primarily a manifestation of nephrotoxicity on long term 
use. Acute exposure can cause in both hypertension and 
hypotension and is blood level related. Hyperglycemia 
is more common with tacrolimus than Cs A due to its 
effect à cells of the pancreas.25* 


Nephrotoxicity is dose related and reversible when dose 
is reduced. It is due to vasoconstriction of the afferent 
arterioles and decreased GFR.>* Manifested by elevated 
blood urea nitrogen (BUN) and serum creatinine. The 
effect is usually reversible with cessation or lowering of 
the dose of the agent. Chronic use can result in more 
permanent changes in the kidney and include arteriolar 
hyalinosis, tubular vacuolization, and atrophy.*> 
Progressive deterioration in renal function has prompted 
some programs to use alternative immunosuppressants 
in order to lower or avoid further exposure to calcineurin 
inhibitors.** 

Other side effects are: 

Electrolyte disturbances 

Hyperkalemia, 

Hyponatremia, 

Hypomagnesemia 

Lower level of serum bicarbonate levels. 


Neurotoxicity: Tremor and headache are common (50%)>* 
during initiation of therapy and are when high trough 
levels are maintained. Seizures, coma and grey-white 
matter changes in the brain.?"?? Increased risk of 
cyclosporine-induced neurotoxicity in patients with low 


perioperative serum cholesterol levels.4 No such 
correlation has been established for tacrolimus. 

Gastrointestinal disturbances are diarrhea, dyspepsia, 
bloating, vague abdominal pain and discomfort.> Mostly 
symptoms resolve by decreasing the dose, or alteration 
in the dosing interval, occasionally withdrawl of these 
agents is necessary. GI symptoms are more with 
combination of mycophenolate mofetil and calcineurin 
inhibitor. 


Gingival hyperplasia and hypertrichosis are more common 
with cyclosporine than Tacrolimus. 


Risk of infection: The overall increased risk of viral, 
bacterial, and fungal infectious complications exist with 
both drugs. 

Post-transplant lymphoproliferative disease (PTLD) is more 
with Tacrolimus than Cyclosporine. 

Most of the transplant centers at present favour 
tacrolimus based immunosuppression in all adult 
recipients of both LDLT and DDLT. Tacrolimus is usually 
given preoperatively around 2-4 hrs before induction at 
a dose of 0.075mg/kg and continued enterally thereafter. 
In the immediate posttransplant period the dose of 
tacrolimus is adjusted to maintain a target trough level 
of between 10-20 ng/mL. Methylprednisolone is given 
as an intraoperative bolus and tapered rapidly to 
maintenance within 1st week and replaced with 
prednisolone dose of 20 mg/day by postoperative day 
seven. Acute rejection in the early post-operative period 
can be treated with an increase in dose of tacrolimus or 
glucocorticoid bolus therapy, or both. In the first 3 months 
target trough level of tacrolimus is maintained between 
8-12 ng/mL. Most patients are maintained long-term on 
tacrolimus maintain a trough level of 5 ng/mL to 7 ng/ 
mL. During the 1st 3 months, steroid dose is gradually 
tapered to the lowest possible dose and are withdrawn 
completely within 3-6 months. In the pediatric 
transplantation, cyclosporine is preferred to very young 
patients and Tacrolimus is preferred in older pediatric 
patients due to concerns about the potential increase in 
PTLD with tacrolimus exposure in this high-risk 
population. If pediatric patients develop chronic rejection 
or steroid resistant rejection, Tacrolimus is preferred 
irrespective of the age. 


LATE CELL CYCLE INHIBITORS 

SIROLIMUS (SRL) 

Synonym: Rapamycin. (Rapamune) 

A mTOR (mammalian target of rapamycin) inhibitor, 


available as Rapamune. SRL is an immunosuppressive 
drug that inhibits the immune system and at the same 


Drug interaction of calcineurin inhibitors 


Drugs that increase the levels of CINs 


Antibiotics Antifungal agents 
Erythromycin Fluconazole 
Clarithromycin Ketoconazole 
Azithromycin Ttraconazole 
Josamycin Clotrimazole 
Ponsinomycin 

Metronidazole 

Calcium channel blockers Protease inhibitors 
Verapamil Saquinavir 
Diltiazem Indinavir 
Amlodipine Nelfinavir 
Nicardipine Ritonavir 
Immunosuppressive agents Foods 

Sirolimus Grape fruit and juice 
Other drugs 

Methylprednisolone Omeprazole 
Ethinyl Estradiol Allopurinol 


Drugs that decrease the levels of CINs 


Antibiotics Antitubercular drugs 
Nafcillin Rifampicin 
Cephalosporins IsoniazidImipenems 
Ciprofloxacin 

Terfenadine 

IV Trimethoprim 

IV Sulfadimidine 

Anticonvulasants Others 
Barbiturates Octreotide 
Phenytoin Ticlopidine 
Carbamazepine 


Drugs that potentiate the toxic effects of CINs 
Nephrotoxicity: Amnoglycosides, NSAIDs, 
Amphotericin B 
Hyperkalemia: K+sparing diuretics 
Bone marrow suppression and Rhabdomyolysis: 
Antacids containing magnesium and aluminium 


time is not nephrotoxic, neurotoxic, or diabetogenetic. It 
is a macrolide antibiotic first discovered as a product of 
the bacterium Streptomyces hygroscopicus in a soil 
sample from an Ester island called Rapa Nui.** SRL can 
also be used alone or in conjunction with calcineurin 
inhibitors and/or MMF to provide steroid-free 
immunosuppression regimes. It is structurally similar to 
Tacrolimus. Even though sirolimus binds to the FK- 
binding protein* similar to tacrolimus and cyclosporine, 
immunosuppressant activity is different from them.* The 
FKBP-sirolimus complex mediates a series of intracellular 


events that result in the inhibition of both T-cell and 
thymocytes proliferation and B-cell activation. It inhibits 
the response of lymphocytes (both T and B cells) to 
cytokine stimulation and inhibits antibody production by 
B cells.*? It inhibits intracellular signal transduction and 
subsequent proliferation mediated by IL-2 receptor 
stimulation of at least two cell-cycle kinases, 70-KD S6 
kinase?! and p34.5253 

It inhibits late in the G, phase of the cell cycle,” later 
than tacrolimus or cyclosporine. Activation stimuli that 
are resistant to calcineurin inhibition or cytokine 
stimulation are sensitive to sirolimus. This late-stage 
inhibition allows greater lymphocyte activation than 
previously possible with calcineurin inhibitors. 
Pharmacokinetics: Oral bioavailability is variable and is 
increased with high-fat diet.> It is metabolized through 
the cytochrome P450-3A system like tacrolimus and 
cyclosporine.*> Terminal half-life is 63 to 68 hours and 
is given as a single dose /day. Most of the drug is 
sequestered in erythrocytes.» This factor must be 
considered when interpreting the SRL blood or serum 
trough levels. 


Side Effects 


Incidence and 
trough level: 
* Hyperlipidemia 

triglycerides) 
* Leucopenia, thrombocytopenia 
* Pulmonary disease 
* Joint pain 

Side effects of cyclosporine such as hypertension, 
nephrotoxicity are not augmented by combination with 
sirolimus,35^? Efficacy of sirolimus as an immuno- 
suppressant is derived from renal transplant recipients 
and approved by FDA in 1999. Sirolimus in combination 
with cyclosporine and steroids results in a lower incidence 
of ACR.*!-S2 Experience with sirolimus in liver 
transplantation is limited. Few studies have reported use 
of cyclosporine and sirolimus provide adequate steroid- 
free immunosuppression. Sirolimus used as the sole agent 
in maintenance therapy is adequate and well tolerated. 
Early results with combination therapy using sirolimus 
and tacrolimus in liver transplant recipients are 
encouraging. The side effect profiles do not overlap, and 
the addition of sirolimus provides a steroid and 
tacrolimus sparing effect. Patients with hepatorenal 
syndrome or poor renal function are suitable candidates 
for sirolimus-based immunosuppression. With 
improvement in renal function, tacrolimus may be 
gradually added to the postoperative immuno- 
suppression cocktail and the sirolimus dose is gradually 
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lowered. Rapamycin can be safely used in OLT recipients 
with severe neurological symptoms ascribed to or 
exacerbated by CINs. Rapamycin monotherapy may be 
inadequate to control rejection early after transplantation. 
Rapamycin can be combined with low doses of CIN to 
prevent rejection.“ SRL can also be used in LTX recipients 
of hepatocelluar carcinoma due to its antitumor effect. 

SRL can be used in 2 different ways. First dose is started 
as loading dose of 0.10 mg/kg, and consequent decrement 
of SRL to 0.05 mg/kg daily for the next few days, with 
dose adjustments until a trough level between 8 and 10 
ng/mL is achieved. The other method of using SRL is 
introduction of SRL with low dose and contemporaneous 
decrement of CIN dose. SRL is avoided in the first three 
months after LTX to avoid hepatic arterial complications. 
Benedetto et al. reported use of Sirolimus monotherapy 
in selective cases of the recipients developing 
complications due to calcineurin inhibitors or in Kaposi's 
sarcoma. 


ANTIMETABOLITES 
MYCOPHENOLATE MOFETIL (MMF) 


Mycophenolate is derived from the fungus Penicillium 
stoloniferum. It was initially marketed as the prodrug 
mycophenolate mofetil to improve oral bioavailability. 
More recently, the salt mycophenolate sodium has also 
been introduced. It is available as Cellcept (MMF) and 
Myfortic (mycophenolate sodium). Mycophenolate is 
potent and can be used in place of the older anti- 
proliferative azathioprine. It is usually used as part of 
a three compound regimen of immunosuppressants, also 
including a calcineurin inhibitor (cyclosporine or 
tacrolimus) and prednisolone. Myfortic (Entericoated 
Mycophenolate Sodium) appears to have a similar 
efficacy and safety profile as MMF in OLT when added 
to the current immunosuppressant regimens or as a 
substitute for MMF. Hematologic and gastrointestinal 
adverse events were infrequent.5é 


Pharmacology 


Tt is an esterified prodrug of mycophenolic acid. It acts 
selectivity on T and B lymphocytes.” It acts by its anti- 
proliferative effect by reversible noncompetitive 
inhibition of inosine monophosphate dehydrogenase 
(IMPDH), which is responsible for de novo purine 
synthesis.” As the lymphocytes lack the salvage pathway 
for purine synthesis, they are dependent on the de novo 
pathway and are sensitive to the antiproliferative effects 
of MMF.“ Its more specific enzyme inhibition offer 
advantage over azathioprine, which also inhibits 5- 
phosphoribosyl-1-pyrophosphate-amidotransferase and 
adenylosuccinate synthetase.5* 


Pharmacokinetics 


MME, a prodrug is hydrolyzed to the active agent 
mycophenolic acid (MPA) in the liver. MPA is further 
metabolized to the inactive glucuronide conjugate 
(MPAG). MPAG is excreted into bile and subsequently 
deconjugated in the gut into MPA and reabsorbed into 
the enterohepatic circulation. MPA and MPAG are both 
highly protein bound, and high levels of MPAG can 
displace MPA, thereby increasing free drug and potential 
toxicity and volume distribution. Most of the dose of 
MMF is excreted in the urine as MPAG with less than 
1% as MPA. Plasma half-life is approximately 18 hours.” 
A patient who is planning a pregnancy should not use 
MME unless she cannot be successfully treated with other 
immunosuppressant drugs, due to increased risk of 
pregnancy loss and congenital malformations. 


Side Effects 

GI symptoms are dose related - diarrhea, nausea, 
abdominal pain, and constipation. These are more severe 
in recipients receiving both Tacrolimus and MMF.”!72 
Leukopenia is a common side effect of MMF. 
Opportunistic infections are common in patients receiving 
high dose.757# 

Indications of MMF in Liver transplantation’>*! 

* Steroid reduction 

* Calcineurin toxicity 

* Treatment of steroid-resistant rejection 

* Chronic rejection. 

MMF is potent and safe immunosuppressive agent, 
and replacement of CIN by MMF in liver transplant 
patients with renal dysfunction may improve not only 
kidney function but also other CIN-associated side-effects, 
such as hypertension and hyperuricemia, with a low risk 
of rejection. MMF monotherapy in liver transplant 
recipients has improved renal function and its use is not 
associated with a significant risk of acute or chronic 
allograft rejection. Side effects were mild with dose 
regimens upto 750 mg twice daily.555* 


AZATHIOPRINE (AZA) 


It is available as Imuran and Azathioprine sodium. First 
synthesized as prodrug of 6-Mercaptopurine (6-MP). It 
is an imidazole derivative of 6-MP. Mechanism of action 
is by inhibiting de novo purine synthesis, thus inhibiting 
DNA and RNA synthesis. It also inhibits T and B 
lymphocyte proliferation, decreasing immunoglobulin 
secretion and IL-2 secretion. It complements the activity 
of steroids and calcineurin inhibitors. It is available as 
oral and parenteral forms. Oral and parenteral dosage 
is same. Dose is 1-3 mg/kg/day usually single dose. It 


is available as 50 mg tablets. Absorption is not affected 
by food. Peak plasma level is 2 hrs. Half life is 0.7-3 hrs. 
Metabolized in liver and excreted by kidneys. Dose 
reduction is reduced in renal insufficiency. It can be 
removed by dialysis. AZA cross placental barrier and 
secreted in breast milk. So breast feeding is not 
recommended in mothers on this drug. Plasma drug 
concentration monitoring is required for AZA. Side 
effects: Dose dependent bone marrow depression leading 
to pancytopenia and increased infection rate, pancreatitis, 
idiosyncratic toxic hepatitis and venoocclusive disease. 


ANTIBODY THERAPY 


Antilymphocyte antibody (ALG) is a polyclonal 
antibodies derived from immunizing horses against 
human lymphocytes. Antithymocyte globulins (ATG) is 
a polyclonal antibodies derived from immunizing horses 
or rabbits against human thymocytes respectively. It is 
a very potent immunosuppression in the allograft 
recipients and also effective as induction therapy and 
management of steroid-resistant rejection.5*5* 
Antilymphocyte antibodies do not provide benefit over 
standard calcineurin-based therapy.5" Polyclonal 
antibody products are primarily used in renal 
transplantation.*”*8 The polyclonal antibody products 
have much broader antigen specificity. They are given 
for 7-14 days at a fixed dose depending on the 
preparation. When used in combination with calcineurin 
inhibitors, they decrease the incidence of rejection in first 
30 days and a delay in the onset of first rejection episode. 
They bind to various cellular antigens on both T and B 
lymphocytes in addition to cellular antigens on platelets, 
erythrocytes, and leukocytes.*-°? Mechanism of 
immunosuppression is mediated primarily by IgG 
antibody binding resulting in opsonization or antibody- 
mediated complement lysis of the target cells. Adverse 
affects are fever, chills, arthralgia, nausea, vomiting, 
leukopenia and thrombocytopenia. 


MUROMONAB-CD; 

It is a murine monoclonal antibody. It is specific for the 
e chain of the TCR/CD3; complex expressed on mature 
T cells and medullary thymocytes.?? It exerts its 
immunosuppressive effect by binding to and modulating 
the CD; complex on T cells. Within minutes of infusion 
of this drug, CDs. lymphocytes are cleared from the 
circulation. During this therapy, CDs. lymphocytes 
remain undetectable unless neutralizing antibodies 
develop. This antibody T-cell interaction results in 
trafficking of the T lymphocytes out of the circulation and 
down regulation of TCR mediated signaling.5?** 


Additionally, binding of the antibody to the CD; complex 
results in liberation of a vast array of cytokines 
contributing to the cytokine release syndrome 
experienced by many patients treated with this agent. 


Side Effects 


Cytokine release syndrome%>*9 

Usually occurs with the first dose in patients with large 

number of T cells and usually manifests within one hour 

of administration of this drug. It manifests as fever, rigors, 
chills, malaise, nausea, vomiting and diarrhea. Less 
frequently, patients experience pulmonary edema, 
cardiovascular collapse, seizures, and renal failure. 
This syndrome can be prevented by pretreatment with 
acetaminophen, antihistamines and steroid pretreatment. 

* Neuropsychiatric toxicity: present as headache, 
seizures, confusion and aseptic meningitis. 

* Use of Muromonab-CD; in steroid-resistant rejection 
is a risk factor for CMV infection and in hepatitis C 
related transplants predisposes the patients to early 
and severe recurrence of hepatitis C infection. 

* Inpediatric transplants use Muromonab-CD; increases 
the risk of EBV and CMV infection and PTLD. 
Prophylaxis with Muromonab-CD; in liver transplant 

patients offers no advantage over standard calcineurin- 

based therapy nor is Muromonab-CD; the only effective 
agent for rescue therapy for refractory rejection after liver 
transplant. 


ANTI-INTERLEUKIN-2 RECEPTOR ANTIBODIES 
(BASILIXIMAB, DACLIZUMAB) 


These are commonly used in liver transplantation. These 
are antibodies directed against & subunit of the IL-2 
receptor (CD:).!? Both are IgG 1 monoclonal antibodies. 
Mostly they are used for induction therapy. These 
monoclonal antibodies are specific for the IL-2R (CD25, 
IL-2R-a) expressed only on activated T-cells. 
Immunosuppression is mediated by binding to the 
IL-2 receptor in a no activating fashion, competing with 
IL-2 and thereby inhibiting IL-2 driven proliferation of 
the activated T lymphocyte. Interleukin-2 induced 
proliferation of activated (antigen stimulated) 
T-Iymphocytesis a critical step in clonal proliferation and 
acquisition of effector function. Both agents appear to 
lessen the incidence of ACR among recipients of cadaveric 
renal allografts when added to baseline immuno- 
suppression.!© Addition of anti-IL-2-receptor blockade 
to baseline immunosuppression can safely decrease the 
incidence of ACR early after liver transplantation. In the 
liver transplant recipient, unlike the renal transplant 
recipient, administration of the antibody must be delayed 
until reperfusion of the graft has been established because 


of the large volume of blood replacement associated with 
liver transplantation. Antibody may also be lost in ascites 
fluid.!°! These are commonly indicated in multiorgan 
transplants. 


Pharmacokinetics 


They have different pharmacokinetic patterns. 
Basiliximab demonstrates a volume of distribution 
equivalent to blood and plasma (4 to 5 L). At steady state, 
the volume of distribution increases suggesting 
distribution outside the vascular compartment. 
Daclizumab demonstrates a smaller volume of 
distribution than Basiliximab at steady state but it still 
exceeds the vascular compartment. Increased volume of 
distribution at steady state may be partially explained 
by redistribution of the antibodies into ascites fluid. 
Basiliximab clearance is not well correlated with body 
weight and age, terminal half-life of 4 to 14 days. 
Daclizumab has a clearance proportional to body weight, 
terminal half-life of 20 days and both agents when used 
in proper dosage, provide saturation binding of IL-2 R 
for greater than 1 month after dosing. 1210 


Daclizumab 

Daclizumab (Zenapax)!?* - Humanized anti-IL-2 receptor 
monoclonal antibody (mAb) 

Dose: 1 mg/ kg every 14 days for 5 doses. Figueras et 
al. reported that steroid-free immunosuppressive regime 
using Daclizumab, MMF and tacrolimus is effective for 
prevention of acute rejection after LT, without an increase 
either in infection rates or in adverse effects. 


Basiliximab 

Basiliximab (Simulect)!-Chimeric anti-IL-2 receptor mAb. 
Dose: 20 mg within 6 hrs of reperfusion and on day 4 of 
post-transplantation. Gruttadauria et al. reported the use 
of Basiliximab in association with tacrolimus and steroids 
inearly post-transplant period is an effective prophylaxis 
of ACRin liver transplant recipients and does not increase 
the incidence of infections or adverse effects. Induction 
with Basiliximab in combination with tacrolimus-based 
immunosuppressive regimen reduces the incidence of 
rejection and improves rejection-free survival rate after 
LTX without increasing the incidence of CMV, PTLD, or 
HCV recurrence.!% 


Side Effects? 


Both monoclonal antibody preparations are well 
tolerated. Side effects are opportunistic infections (viral 
or bacterial), malignancy and posttransplant 
lymphoproliferative disease. 


Long term adverse effects of 
immunosuppressive therapy 
Hypertension 
Diabetes mellitus 
Renal toxicity 
Hyperlipidemia 
Osteopenia and osteoporosis 
Obesity 


Hyperuricemia 


Disorders that require modification of 
immunosuppression 
Primary biliary cirrhosis 
Primary sclerosing cholangitis 
Autoimmune hepatitis 
Fulminant hepatic failure 
Retransplantation 


Patients transplanted for end-stage primary biliary 
cirrhosis, primary sclerosing cholangitis, and 
autoimmune hepatitis are at increased risk for rejection 
and disease recurrence. Cellular rejection is more in 
patients transplanted for fulminant hepatic failure and 
retransplantation patients. 


Autoimmune hepatitis 

It recurs in 33 % of patients after transplantation and risk 
is increased as immunosuppression dose is reduced, and 
longer follow-up was required to assess the impact of 
recurrent disease upon patient and graft survival. 
Difference in the immunosuppressive regime and length 
of follow-up influences the recurrence rates. Weaning of 
immunosuppression should be approached with caution, 
but recurrent disease appears to respond to an increase 
in corticosteroids (continued for long time) with or 
without antimetabolites. Benefit of tacrolimus over 
cyclosporine in the prevention of recurrent disease is not 
clear. 


Primary biliary cirrhosis 

Recurrent PBC after transplant may be dependent on the 
immunosuppressive regimen and method of weaning. 
Long-term immunosuppression therapy may modify 
expression of recurrent disease within the graft. These 
patients have increased chance of rejection. Cyclosporine 
may be preferable to tacrolimus in patients transplanted 
for PBC. 


Primary sclerosing cholangitis 

The recurrence of PSC after LTX is controversial. 
Recurrence was based upon clinical symptoms and signs 
of cholestasis, nonanastomotic strictures within 
intrahepatic or extrahepatic bile ducts, and periductal 
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inflammation with fibrosis at least 6 months after 
transplantation." Jeyarajah et al. found recurrent disease 
in 15.7% and chronic rejection in 13%.! In order to 
accurately diagnose PSC recurrence, well-defined 
cholangiographic and histologic criteria are mandatory. 
Effect of immunosuppression may modify or delay 
disease expression within the graft. 


Fulminant hepatic failure 1? 

The outcome of transplantation in patients with fulminant 
hepatic failure (FHF) has been generally inferior to that 
of transplantation performed electively for patients with 
chronic liver disease reflecting the impact of severe 
complications such as severe cerebral edema, on survival. 
Graft dysfunction and infections are also more prevalent 
in patients transplanted for FHF. Primary 
immunosuppression tacrolimus may be preferable to 
cyclosporine in this group. 


Retransplantation 

Patients undergoing retransplantation have a significantly 
inferior result compared with patients receiving a first 
graft; overall 1-year survival is 50% to 70%.111112 
Markmann et al. reported that pre-operative criteria 
predictive factors of poor outcome after LTX are older 
patient age, donor organ ischemia, requirement for 
preoperative mechanical ventilation, elevated total 
bilirubin, and elevated creatinine.!!? 


Steroid withdrawal 

Posttransplant metabolic complications like 
hyperglycemia, hyperlipidemia, osteoporosis and 
hypertension are related to corticosteroids. At present 
most of the transplant centers believe in early withdrawal 
of steroids ranging from 3-6 months. 

Early withdrawal of prednisone was well tolerated by 
patients and was associated with fewer metabolic 
complications.!1*15 Withdrawal of steroids in patients 
with stable graft function appears to be safe, with no 
significant increased risk of rejection.!!5 Prime concern 
with steroid withdrawal is the potential for precipitating 
rejection. Most cases of chronic rejection and episodes of 
acute rejection occurred in patients on calcineurin 
inhibitors. This can be avoided by using combination of 
calcineurin inhibitors preferably tacrolimus and 
antimetabolites (MMF). 


PEDIATRIC IMMUNOSUPPRESSION 

INITIAL IMMUNOSUPPRESSION 

Direct comparisons between pediatric patients receiving 
cyclosporine and tacrolimus have demonstrated similar 
graft and patient survival, but patients receiving 


tacrolimus had less acute, chronic, and steroid-resistant 
rejection.!1735 Advantage of tacrolimus is steroids can 
be withdrawn much more rapidly then in cyclosporine- 
based immunosuppression thereby limiting the 
complications associated with long-term steroid use.!? 
When we compare the tacrolimus and cyclosporine, there 
was no significant difference in patient and graft survival. 
But recipients respond well to tacrolimus in steroid 
resistant rejection!?? Incidence of nephrotoxicity and 
hypertension are similar in tacrolimus and cyclosporine, 
but the rate of hyperkalemia requiring treatment and the 
rate of insulin-dependent diabetes is slightly higher in 
tacrolimus than cyclosporine.!17/!5 The most worrisome 
side effect in pediatric patients receiving tacrolimus is on 
increased incidence of post-transplant lymphoprolifera- 
tive disease (PTLD). In cyclosporine-based immuno- 
suppression the rate is 4% and the rate on tacrolimus is 
6% to 1396.12 

Neoral has better absorption and bioavailability than 
Sandimmune due to its micro emulsified form.!?? 
Sandimmune is poorly absorbed after LTX because bile 
flow is diminished; therefore, in the early postoperative 
period and when patients have graft dysfunction with 
cholestasis the cyclosporine needs to be given 
intravenously.'? Infants with smaller bowel length have 
poorer Sandimmune absorption. Neoral gives the 
advantage of being given orally regardless of bile flow. 
But in studies comparing pediatric patients taking 
Sandimmune and Neoral directly there was no significant 
difference in the rates of rejection, or of graft or patient 
survival.!?* 70% to 74% of pediatric patients on tacrolimus 
can be maintained on single drug therapy 1 year after 
transplant. Current immunosuppression in pediatric 
transplantation includes triple regime including 
corticosteroids, calcineurin inhibitors and Interleukin-2 
receptor antibodies. 


NEWER IMMUNOSUPPRESSION DRUGS 
RAD (EVEROLIMUS) 


RAD?26-131.140 js a novel macrolide with potent 
immunosuppressive and antiproliferative activities. It is 
related to, but structurally different from, sirolimus and, 
by virtue of its hydroxyethyl side chain, has enhanced 
bioavailability. RAD exerts its immunosuppressive 
activities to inhibit mTOR and inhibit growth factor- 
dependent proliferation of vascular smooth muscle cells. 
In clinical trials, RAD has shown its efficacy in reducing 
the incidence of rejection in kidney transplant recipients, 
and the severity and incidence of cardiac-allograft 
vasculopathy in heart transplant recipients. In a phase I 


trial of liver transplant recipients, a single dose of RAD 
was well tolerated and safe. Additional trials assessing 
the efficacy of RAD in liver transplant patients are 
ongoing. Recently Masetti et al.!#! reported that de novo 
anemia in OLT patients treated with Everolimus 
monotherapy showed the same incidence as in patients 
treated with CsA. Hemoglobin values remained similar 
during the entire follow-up. In his report, the overall 
myelosuppression in the Everolimus Group was not 
significantly different from patients in the CsA Group. 


FTY 720 


FTY 720132133140 has a unique anti-rejection property 
characterized by selective reduction of circulating mature 
lymphocytes, particularly T cells, in peripheral blood. The 
reduction is induced either by induction of apoptosis of 
lymphocytes or by acceleration of lymphocyte homing 
to lymph nodes and payer's patches. The immuno- 
suppressive effect of FTY 720 has been evaluated in 
transplant models in animals. A multicenter, randomized, 
phase I study demonstrated a dose-dependent, reversible 
decline in peripheral blood lymphocytes without an 
enhanced incidence of side effects, except possibly 
bradycardia. FTY 720 is expected to be used in 
combination with calcineurin inhibitors or other 
immunosuppressants to prevent acute and chronic 
rejection, because of its unique capacity to reduce 
peripheral blood lymphocytes. 


FK 778 


FK 778134354? js a synthetic malononitrilamide (MNA) 
derived from A77 1726, an active metabolite of 
leflunomide. FK 778 inhibits de novo pyramiding 
synthesis and tyrosine kinase activity of T- and B- 
lymphocytes. It prolongs the survival of skin and heart 
grafts in rodents and of kidneys in dogs. The half-life of 
FK 778 is 5.9 hours in rodents and 21 to 45 hours in dogs, 
which is shorter than that of leflunomide (15 to 18 days). 
Given in combination with standard immunosuppressive 
drugs, FK 778 improved graft survival in a canine kidney 
transplant model. Its vasculoprotective properties, with 
inhibition of several growth factor receptor tyrosine 
kinases (RTK), may make it a candidate for the treatment 
of restenosis and chronic allograft rejection. 


Tolerance Induction Therapy 


Tolerance induction therapy was introduced by Starzl et 
al. who tailored their protocol according to two principles: 


recipient pretreatment and minimum use of 
posttransplant immunosuppression.!6 130 


CAMPATH 1-H 


CAMPATH 1-H,!%-138 a humanized anti-CDs, antibody, 
is a powerful lytic agent for both T and B lymphocytes 
that does not affect bone-marrow stem cells. CAMPATH 
1-H was used in 31 renal transplant recipients among 
whom 30 patients are alive at 15-28 months follow-up, 
and 29 patients have intact grafts under treatment with 
low-dose cyclosporine. There have been six episodes of 
steroid responsive rejection, and opportunistic infections 
in two recipients. CAMPATH 1-H and tacrolimus were 
used in 16 cases of intestinal and multi visceral 
transplantation without steroids. Twelve of the 16 patients 
are alive with functioning grafts. CAMPATH 1-H allows 
the patient to be steroid-free and to be maintained on low 
dose of immunosuppressive monotherapy.!? 

Other newer immunosuppression drugs under Pre- 
clinical and clinical trails are: 
* Phase 1 trial 

* BCX 4208 

* TAFA 93 
* Phase 2 trial 

* CP690 

* CP550 

* AEB 071 

* ISA 247 
* Phase 3 trial 

* Balatacept (LEA 29Y) 
* Pre clinical trial 

* CRB 15 

* Anti CD 40 mAb 


THYMOGLOBULIN 


Starzl et al. reported that in 82 patients waiting for 
kidney, liver, pancreas, or intestinal transplants who were 
pretreated with a polyclonal rabbit antithymocyte 
globulin (Thymoglobulin). Post-transplant 
immunosuppression used tacrolimus. One-year patient 
and graft survivals were 95% and 89%, respectively. Of 
the 72 with surviving grafts, 43 are on spaced doses of 
tacrolimus monotherapy: every other day (n=6), three 
times per week (n=11), twice per week (n=15), or once 
per week (n=11). Tremendous dose reductions, close to 
tolerance, were achieved with thymoglobulin 
pretreatment.!4 
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Hemodynamics of a patient with advanced liver disease 
is characterized by high portal outflow resistance and by 
an increase in portal inflow resulting from splanchnic 
arterial vasodilation. Earlier reports showed an increase 
in hepatic and portal blood flow after OLT.! After OLT, 
the normalization of portal resistance in the presence of 
an increased splanchnic flow, is followed by an increase 
in portal blood flow. An increase in hepatic blood flow,~ 
35 portal blood flow (PBF), mean velocity*? and portal 
blood flow volume!? has been reported in cirrhotic 
patients after OLT by most authors, whereas conflicting 
results have been reported on hepatic artery blood 
flow.!25* The denervation of the transplanted liver? and 
the persistence of portal-systemic collateral circulation, 
which after OLT disappears very slowly?*5 have both 
been considered as possible causes for the persistence of 
an increased hepatic blood flow after OLT. Whether and 
when this particular post-OLT hyperdynamic circulatory 
syndrome improves is controversial.*> 

Tn patients transplanted for liver cirrhosis, superior 
mesenteric artery pulsatility index (PI) values and flow 
return to normal range in 3 to 6 months after OLT, 
whereas an increase in PBF persists for years after OLT, 
probably because of the persistence of splenomegaly. An 
increase in hepatic RI (resistance index) can be considered 
a normal finding the first few days after OLT. It is 
transient and is related to the increase in PBF. 


PORTAL FLOW AND PORTAL VENOUS 
PRESSURE (PVP) MEASUREMENT 

LDLT is an established procedure worldwide, allowing 
a wider organ pool! The successful use of smaller grafts 


led to a revolution to alleviate mortality on the waiting 
list! but the consequences of using a small graft in a 
cirrhotic patient with severe portal hypertension are 
unpredictable. Small-for-size syndrome (SFSS) occurs 
in the presence of a reduced liver mass that is insufficient 
to maintain normal liver function.? 
Quality assurance of LDLT depends on 
Flow measurement of PV, HA and HV 
Vascular graft patency verification 
PVP measurement 
Inflow modulation (if any required) 
In DDLT using a whole liver graft, the mean PVF has 
been reported to be around 130 mL/min/100 g graft 
weight!*. It has been speculated that graft exposure to 
excessive portal vein flow (PVF) plays a major role in the 
development of SFSS. Poor graft outcome has been 
reported in patients with PVF values of more than 260 
mL/min/100 gm graft weight in LDLT!^ and elevated 
portal venous pressure.'# Busani et al used octreotide and 
esmolol infusion to decrease portal vein pressure in left 
lobe transplantation with a small-for-size graft.!5 
In order to alleviate graft over perfusion, intraoperative 
modulation of graft portal inflow using different 
techniques such as splenic artery ligation, splenectomy 
and portosystemic shunting have been attempted. 
Troisi et al claimed that the PVF should be reduced 
to < 250 mL/min/100 gm of graft weight using graft 
inflow modification." Graft dysfunction is principally 
associated with graft exposure to excessive portal 
perfusion due to increased PVF, portal venous pressure 
and hepatic venous pressure gradient.'S Intraoperative 
measurement of portal vein pressure and vascular flow 
during LDLT allow evaluation of perfusion to separate 


lobes of the living donor in order to select appropriate 
harvesting procedure and any necessity of portal flow 
modulation in the recipient depending on the flow 
measurement result. At the same time primary graft 
dysfunction due to technically flawed reperfusion of the 
graft in the recipient can be identified and alleviated. 

Partial liver grafts are exposed to even higher portal 
inflow.1?29 Konishi et al? reported that hemodynamic 
changes are much more pronounced in left lobe grafts 
than those occurring in DDLT, and are inversely 
correlated with the GV /SLV (graft volume/ Standard 
liver volume) ratio. Shimamura et al./5 in his study 
classified patients into two groups: First group with a 
PVF » 260 mL/min/100 gm of graft weight (twice the 
mean PVF of whole liver graft) and the other group with 
PVF « 260 mL/min/100gm . They reported that patients 
with a PVF exceeding 260 mL/min/100 g graft weight 
were characterized by a smaller GV/SLV ratio and a 
significantly higher peak total bilirubin level with a 
consequently poor outcome, compared with the control 
group.!® Figures 22.1 and 22.2 show the measurement 
of flow with TTFM flow meter. 


GRAFT PORTAL FLOW ESTIMATION 


Total volume of portal flow measured by flow meter z 


100 
Weight of the hepatic allograft 


Figure 22.1: Intraoperative portal flow measurement in a donor right 
lobe graft using transient time flow meter (TTFM) with a flexible 
probe 
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Figure 22.2: Intraoperative hepatic artery flow 
measurement in a recipient after DDLT 


Intractable ascites is one of the complications related 
to SFSS. Portal venous pressure (PVP) showed a 
significant correlation with daily production of ascites 
during the first 2 weeks. It is well known that leakage 
of ascites into the peritoneal space occurs as a result of 
sinusoidal hypertension.” An increase in PVP may cause 
elevation of hydrostatic pressure within the liver 
sinusoids. Early elevation of postoperative PVP » 20 
mmHg was associated with a poor outcome and graft 
dysfunction with hyperbilirubinemia, coagulopathy and 
severe ascites.? Intraoperative PVP measurement 
(Figures 22.3 and 22.4) before and after the allograft 
implantation is a useful in predicting such complications 
and need for some form of portal flow modulation. When 
PVP exceeds 25 mm Hg after transplantation, some 
attempt to modulate portal venous circulation might be 
required in order to improve the early postoperative 
course. 


MEASUREMENT OF PORTAL FLOW 


Before recipient hepatectomy and after the reperfusion 
of the allograft, portal flow measurement is important 
to estimate the amount of flow through the portal vein, 
hepatic artery and to confirm the patency of the vascular 
grafts, if used for reconstruction of V5 and V8. 


DIFFERENT METHODS OF FLOW MEASUREMENT 


1. Finger palpation method: It is subjective, no 
correlation with flow, no documentation and no 
evidence. 
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Figure 22.3: Intraoperative portal venous pressure 
measurement in the recipient prior to recipient hepatectomy 


Figure 22.4: Intraoperative portal flow measurement in the 
recipient prior to recipient hepatectomy 


2. DUS is the most popular and commonly used method 
for verification of flow. Drawbacks of DUS are: It is 
operator dependent, time consuming in verifying the 
routine patency, limited accuracy of flow volume 
estimation. Using the DUS, narrowest diameter of the 
portal vein is recorded along with the diameter at sites 
proximal and distal to this point, and the maximum 
flow velocity (Vmax) is measured at each point. The 


portal vein blood flow is calculated from recordings 
in the proximal portal vein and at the narrowest point 
according to the formula mentioned below?! 
Portal blood flow (L/minute) = Area x 0.57 x Vmax 
(Maximum flow velocity). 

3. Transit time flow meter probes are the recent ones 
which provide easy way of flow estimation, less time 
consuming and not operator dependent. Ultrasonic 
Transit time flow measurement (TTFM) probes use 
transit time ultrasound technology (Figure 22.5) which 
is accurate and fast method of measuring flow. Probe 
size for hepatic artery is 3- 6 mm and for portal vein 
is 10-14 mm (Figures 22.6 and 22.7). Probe and vessel 
contact using isotonic saline in transit time flow meter. 
Probe with or without handle can be used. Probes 
without handle are more flexible in detecting flow in 
deeply located vessels. Figures 22.8 to 22.12 show the 
recording of flow in portal vein and hapatic artery in 
the donor and recipient. 

4. Angiography is more invasive and used less 
frequently. 


Figure 22.5: Transit time flow meter (TTFM) 
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Figure 22.6: TTFM Probes with handle; Left: Size 10 mm for Figure 22.7: TTFM Probes without handle (different sizes) 
Portal vein flow; Right: Size 3 mm for hepatic artery flow 
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Figure 22.9: Normal recipient 
hepatic artery and portal vein flow 


Figure 22.10: Normal portal 
vein flow in donor and recipient 
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Figure 22.11: Normal hepatic artery flow in donor and recipient 
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Hepatic artery: Normal flow after revision 


Figure 22.12: Hepatic artery flow occlusion and flow after revision of anastomosis 
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(B) DOPPLER U 


IN LIVER TRANSPLANTATION 


Prognosis in liver transplantation is closely related to 
postoperative vascular patency. Early detection and 
treatment of vascular complications reduces morbidity 
and mortality. Role of USG in liver transplantation is 
depicted in Flow chart 22.1. Doppler ultrasonography 
(DUS) provides an accurate diagnosis of complications 
after LTX and plays a very important role in post- 
transplant monitoring and is essential in guiding 
treatment." It is used as a screening test in liver transplant 
patients due to its noninvasive imaging technique for 
evaluating the patency of the hepatic vasculature.^5 MR 
angiography is performed to confirm abnormalities 
demonstrated in DUS or in patients in whom the DUS 
study is suboptimal. Conventional vascular studies are 
currently reserved for endovascular treatment of these 
complications. 

Intra- and postoperative DUS in routinely performed 
in transplant units. Intraoperative DUS is widely used 
to determine intraoperative vascular patency. The 
diagnosis of vascular patency often relies only on 
quantitative and qualitative assessment of intraoperative 
Doppler signals. Intraoperative DUS is performed directly 
on the liver after completion of vascular anastomosis. It 
is usually performed with duplex Doppler system 
equipped with more than 6 MHz convex-array transducer 
for better visualization of vascular structures. The colour 
velocity scale is set to the lowest possible level that 
avoided aliasing, gain is adjusted to the maximum value 
without background noise and wall-motion high-pass 
filter is set at 50 Hz. When an arterial signal is detected, 


the pulsed Doppler mode is activated. The insonation 
angle ranged from 308 to 608 during each examination. 
Postoperative DUS, a triplex DUS with a convex probe 
of 2-5MHz is used. Color DUS examination includes a 
real-time morphologic evaluation of the liver parenchyma 
and color mapping of the hepatic artery, portal vein, 
hepatic veins, and IVC. Spectral analyses of the HA, PV, 
HV and IVC are also obtained. Hepatic artery, portal veins 
and hepatic veins are evaluated for patency, stenosis of 
anastomosis and presence of any thrombosis. Vascular 
graft flow and patency is also assessed by DUS in case 
of LDLT where V5 and V8 are reconstructed by using 
a vascular graft. 


POSTOPERATIVE DUS PROTOCOLS 


Postoperative DUS protocols after LTX differs from center 
to center. Meticulous monitoring of hepatic 
hemodynamics using DUS is required after LTX in the 
Ist two weeks for early detection of vascular 
complications is essential. Nishida et al. suggested that 
protocol DUS every 12 hrs in the 1st week followed by 
once daily in the 2nd week is useful in early detection 
and treatment of HAT.” Others reported that once daily 
in the 1st week followed by once in 2 days in the 2 nd 
week or daily in the initial period followed by once in 
2 days in the first week. Kok et al. suggested DUS once 
in every 3 days in the first 2 weeks. Follow up DUS 
examination is usually done at 1,3, 6, and 12 months after 
transplantation. 


Role of USG in liver transplantation 
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Flow chart 22.1: Role of USG in liver transplantation 


Postoperative DUS measures the different parameters 
such as: 
* Size, configuration and echo of graft 
* Diameter of the hepatic veins, PV and hepatic artery 
* Vascular anastomotic stoma, presence of thrombosis, 
blood flow and spectrum 
* Presence of biliary obstruction 
* Presence of perihepatic collection, hydrothorax and 
ascites 
Complications affecting the portal vein after LTX 
include portal venous thrombosis and anastomotic 
stenosis, both of which are detected by the absence or 
acceleration of portal blood flow on DUS.*?! Hepatic 
venous occlusion or stenosis can occur after liver trans- 
plantation; the latter is usually accompanied by altera- 
tions in the modulation of the Doppler waveform.5* 


HEPATIC ARTERY 


Hepatic artery is evaluated by placing the Doppler sample 
volume just proximal to the arterial bifurcation at the 
porta hepatis. The hepatic arterial Doppler velocity 
waveform is classified as a tardus-parvus pattern if the 
early systolic peak is absent or dampened and/or if the 
SAT is lengthened and/or if the RI is decreased?! The 
sensitivity and specificity of DUS in detecting HA 
complications (thrombosis or stenosis) is 92% and 64% 
respectively.” 


DUS indicators of abnormalities in hepatic artery are2223* 

* Resistive index (RI): Normal range between 0.6 and 
0.8 (Peak systolic velocity - end diastolic velocity) / 
peak systolic velocity. 

eè Pulsatility index (PI): (peak systolic velocity-minimum 

velocity)/mean of maximal velocities. 

Systolic acceleration time (SAT): Normal range is « 80 

ms 

* Peak systolic velocity (PSV): Normal range is 40- 
S0cm/s 

* Diastolic velocity (EDV) 

* Mean velocity (Vm) 

* Qualitative evaluation of the morphologic 
characteristics of the spectral waveform. 


DUS Findings for HA Stenosis*z? 


* RI «06 
* SAT 20.08 seconds 
* Tardus-parvus pattern 
* Focal PSV increase >2 m/second 
A low hepatic artery resistive index is a reliable 
predictor of hepatic artery thrombosis and stenosis 


DUS Findings for Hepatic Artery Thrombosis (HAT) 

* Total absence of hepatic arterial blood flow and hepatic 
artery signal 

* Absence of extrahepatic signal with intrahepatic low 
amplitude 

* Delayed upstroke signal suggesting thrombosis with 
collateralization 

* Direct visualization of abrupt loss of arterial signal in 
the extrahepatic arterial branches 

* Visualization of arterial collaterals in the porta hepatis. 
Combination of abnormal RI, SAT, or peak velocity 

or no flow has a 97% sensitivity and 64% specificity for 

the diagnosis of marked arterial complications in 

transplanted livers.? Low hepatic artery resistive index 

in the early post-transplantation period is a sensitive 

(100%) and specific (80%) predictor of arterial and venous 

vascular complications. Arterial edema and vasospasm 

may explain some false positive results of intraoperative 

DUS for the detection of HAS during the early post- 

operative course (within 2 days), because they can alter 

the Doppler waveform and simulate stenosis.5 Therefore, 

follow-up DUS examinations and hepatic function 

evaluations are highly recommended. HAS may develop 

later on and could be missed on early. 


PORTAL VEIN 

DUS provides an ideal specificity on diagnosing PVT 
ranging from 97% to 100?5.525 A small (2-5-mm) Doppler 
sample volume is used to exclude the signal from the 
portal vein; the smaller Doppler velocity scale is initially 
chosen and is increased when necessary. The portal 
venous flow is also measured at the porta hepatis. Normal 
range of portal venous velocity in LTX is not clearly 
established. 

Huang et al suggested that in uncomplicated cases of 
vascular reconstruction: 

* Portal venous flow velocity (PVFVe) : 25-60 cm/ 
second (mean, 41 cm/second) 

* Portal venous flow volume (PVFVo) : 15-33 ml/ 
minute/kg (mean,24 ml/minute/kg) 

Blood flow velocity is calculated from recordings in 
the proximal portal vein and at the narrowest point. 
Recordings from the distal portal vein are not used as 
turbulent blood flow produced a wider range of flow 
velocities. 


DUS Criteria for PV Stenosis 


* Visualized narrowing of the luminal diameter to 2.5 
mm or less 

* Acceleration of flow at the stricture 

* Post-stenotic jet of portal vein flow associated with or 
without post stenotic dilatation. 


DUS Findings for Diagnosis of PV Aneurysm 


Presence of a saccular dilatation of the portal vein adjacent 
to the anastomotic site with turbulent venous flow on 
colour DUS. High-flow velocities in these recipients may 
be caused by a combination of splanchnic hyperdynamic 
circulation and portal venous narrowing. 


HEPATIC VEINS 


The hepatic veins were examined at a distance of 1-3 cm 
from their outlet into the inferior vena cava. 


The Doppler velocity waveforms of hepatic veins are 


classified as 1 of 3 patterns: 


Triphasic pattern (a waveform consisting of large 
antegrade systolic and diastolic waves and a small 
retrograde wave) 

Biphasic pattern in the absence of retrograde wave 
Flat waveform without any cardiac modulation. 
The Doppler waveform of HVs is triphasic because 


right atrial pressure changes during the cardiac cycle are 
transmitted backward to the inferior vena cava and its 
tributaries. 


DUS Findings for HV Stenosis 


Loss of triphasic wave pattern 

Persistent monophasic wave pattern. 

Accelerated flow velocities, ranging from 4-7 times the 
normal flow. 


DUS Findings for HV Outflow Obstructior?5: 


Dilation of the hepatic veins 

Flattened hepatic vein velocity waveform 

Slowed hepatic vein flow velocity («10 cm/second) 
Extreme decrease in portal inflow velocity («14 cm/ 
second) 

Flow velocity of hepatic veins may be affected by many 


parameters like patency of the outflow vein and inflow 
vessels (HA and PV). Thus, the flow velocities and 
waveforms of the HV, PV and HA should be thoroughly 
evaluated to diagnose hepatic venous obstruction. 
Diagnostic validity of contrast-enhanced ultrasound 
(CEUS) was comparable to that of angiography, and 
CEUS shortened study time markedly. 
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INTRODUCTION 


Living donor liver transplantation has been established 
as a treatment for patients with ESLD. But as donor 
selection is limited to mostly to relatives and spouses, 
concept of ABO-incompatibility is developed to meet the 
demands of donor shortage. In the 1970s, the liver was 
considered a privileged organ because no hyperacute 
rejections had been observed when the ABO barrier was 
crossed.! But later the concept about ABO barrier in LTX 
has changed with advances in understanding the 
immunology of liver transplantation. 

Demetris et al? showed that ABO-incompatible 
(ABO-I) liver allografts may be susceptible to antibody- 
mediated (hyperacute) rejection from preformed 
antibodies (isoagglutinins). He described a high incidence 
of early graft failure (46% during the first 30 days) and 
severe hemorrhagic necrosis shown histologically with 
intra-organ thrombosis, as well as prominent arterial 
deposition of antibody and complement. 

LDLT using an ABO-I donor has been reserved as the 
only available option for saving the life of a patient who 
only has ABO-I donors. The first ABO-I LDLT was 
performed in November 1991 in Japan.?* In Japan national 
registry for ABO-incompatible transplantation was 
established in 2001. According to this registry, 291 (136 
adults) ABO-I LDLTs have been performed till March 
2006 in Japan from 28 institutions.™ In the last decade, 
the initial results of ABO-I LDLT were dismal. 5-year 
patient survival was 22%.> The main reason for these poor 
results is the severe hyperacute rejection due to anti-donor 
antibodies during the early postoperative period. The 
impact of preformed anti-donor antibodies and the 
strategy to reduce their titers play key roles in the success 
of this form of transplantation.* Liver transplantation 
(LTX) across the ABO blood type barrier (ABO- 


incompatible) is usually contraindicated earlier or is 
exceptionally performed only as a rescue option in an 
emergency situation because of the possibility of graft 
loss caused by antibody mediated rejection (AMR). 

Organ transplantation based on blood type and 
immunological response is divided into three groups as 
shown in the box below: 


* Identical: Similar blood type in donor and recipient 
such as: 
A to A / B to B / AB to AB / O to O. 

* Compatible: Compatible blood type in donor and 
recipient such as: 
Oto A / Oto B/ A to AB / B to AB, etc. 
(O blood type: Universal donor; AB blood type: 
Universal recipient) 

* Incompatible: Incompatible blood type between 
donor and recipient. 
(A toB/ B to A / A toO / B to O / AB to B/ AB 
to A, etc.) 


IgG and IgM anti-donor blood type antibodies are 
estimated preoperatively and postoperatively in the 
recipient. The titers are expressed in terms of 1:1, 1:2, 1:4, 
1:8, 1:16, 1:32........1:1024, etc. IgM titer more than 1024 
is considered as a high-risk patient. Every effort is made 
to reduce the antibody titer to less than 1:16 throughout 
the course of transplantation to avoid humoral rejection. 

T-cell cross-match test: Pretransplant T-cell cross- 
match tests are performed. The test is interpreted as: 


T-cell cross match test? 
* Positive: When =41% of donor lymphocytes are killed 
* Weakly positive: 21 to 40% of donor lymphocytes are 
killed 


* Negative: < 20% of donor lymphocytes are killed 


Risk factors for antibody mediated 
(AMR) in ABO-I LTX® 
* Older age group 
* Presence of autoimmune liver disease 
* High IgG titer in postoperative period. 
* IgM titer greater than 1024 preoperatively is a high- 
risk patient 


(Children «2 years are less susceptible to humoral 
rejection due to incomplete development of immune 
system) 

Gugenheim et al reported that systemic antirejection 
alone is not sufficient to control rejection after ABO-I liver 
transplantation, The frequency of major postoperative 
complications such as vascular complications and 
intrahepatic biliary complications are increased in 
ABO-I liver transplantation.” 


DIFFERENT TREATMENT MODALITIES USED 
FOR IN ABO-INCOMPATIBLE 
TRANSPLANTATION®1° 


Different treatment modalities to 
control AMR in ABO-I LTX 
* Plasmapheresis (before and after transplantation) 
* Anti CD» Antibody (Rituximab) 
* Splenectomy 
* Local infusion therapy. 
— Portal infusion therapy (PVI) (introduced in 2000) 
- Combined hepatic artery infusion (HAI) with PVI 
(introduced in 2001) 
- HAI without PVI (introduced in 2003) 
* Intravenous immunoglobulin (IVIG) 
- Low-dose IVIG: 0.15 g/kg 
- High-dose IVIG: 0.6 g/kg 
* Immunosuppression 
— Tacrolimus or cyclosporine + steroids and 
— Antimetabolites like MMF, azathioprine and 
cyclophosphamide 


Until 2000, the gold standard for ABO incompatibility 
was plasmapheresis, systemic use of multiple immuno- 
suppressive drugs and splenectomy; the 5-year survival 
was poor (22%). Later local administration of 
Prostaglandin E1 (PGE1), Corticosteroids, and Gabexate 
mesylate via portal vein (PV) catheter, as introduced by 
Keio University remarkably improved the results (60%). 
HAI therapy in addition to PVI improved the 1-year 
survival to 85.7%. 


PLASMAPHERESIS / PLASMA EXCHANGE 


Several studies have demonstrated the effects of 
plasmapheresis in the reduction of anti-donor antibody 
titers such as anti-A or anti-B antibody. Plasma exchange 
with blood-type AB fresh-frozen plasma (0.5 unit /kg) 
is performed, aiming at an antibody titer 1:16 or less 
before transplantation. After transplantation, plasma 
exchange is basically sustained until the antibody titer 
increased to 1:256 or more. Kozaki et al. suggested that 
anti-IgM and anti-IgG antibody titers sustained 
intrahepatic biliary complications and hepatic necrosis 
in ABO-I LTX in their experience at Kyoto University. 
Plasmapheresis is usually started atleast one week prior 
to transplantation. This procedure may increase the 
possibility of portal vein thrombosis. So after the 
procedure, usually portal flow is verified by Doppler US. 
Plasmapheresis plays an important role in ABO-I 
LDLT. Multiple plasmapheresis courses (4-9 courses) are 
performed pre- and postoperatively to reduce the 
recipient's IgM and/or IgG antibody titers, such as anti- 
Aor anti-B anti-donor antibody against the donor's blood 
type, to 1:16 or lower. The titers are measured on a regular 
basis after transplantation, every day during the first 2 
weeks and during follow up OPD visits thereafter. 
Although multiple plasmapheresis courses are performed 
postoperatively, there are differences in elevation of IgM 
and/or IgG peak titers after transplantation.!! Despite of 
the preoperative plasmapheresis and reduction in IgG 
and IgM antibody titers, postoperatively there is every 
possibility of increase in antibody titer in recipient of 
ABO-I LDLT. Ashizawa et al. reported the overall patient 
survival at 1 yr in ABO-I LDLT is 80%. There was no 
difference in transplant outcomes between the patients 
with incompatible blood types and identical or 
compatible blood types.!! Multiple plasmapheresis 
therapy plays an important role in liver transplantation 
across ABO blood group barriers and that elevation of 
anti-ABO titers after transplantation may be a predictive 
risk factor for increased mortality and morbidity. In order 
to perform adult LDLT ina safer manner, plasmapheresis 
is an indispensable treatment to improve the outcome of 
ABO-I LTX. (11) Tanabe et al. described that multiple 
plasmapheresis before transplantation effectively reduced 
preformed antibody, which is the key to avoid humoral 
rejection. He recommended that a strong immuno- 
inflammatory reaction and agents with vast spectra of 
action must be used to control single organ disseminated 
intravascular coagulation (DIC) after ABO-I LTX.'? 


SPLENECTOMY 


Salomon et al. had reported that the spleen plays a 
clinically important role in the production of anti-A and 
anti-B antibodies.'> Previously splenectomy was 
performed in adult ABO-I transplantation with post- 
operative PVI therapy. But after the introduction of HAT 
therapy and Rituximab, splenectomy can be avoided, thus 
avoiding complications like portal vein thrombosis. 
Spleen preservation decreased the incidence of portal vein 
thrombosis but there is every possibility of increased the 
antibody titer. 


Indications for splenectomy during LDLT 
* ABO-I LDLT 
* Futureanti-hepatitis C viral treatment of patients with 
thrombocytopenia 
* Massive splenomegaly affecting quality of life and/ 
or thrombocytopenia 
* Portal flow modulation for small graft. 


LOCAL INFUSION THERAPY 


Tanabe et al. from Keio university (2000) first reported 
the use of local infusion treatment with intraportal or 
intra-arterial infusion of Prostaglandin E1(PG E1-0.01 ug/ 
kg/min for 3 weeks), Gabexate mesylate (20 to 30 mg/ 
kg/d for 3 weeks) and Methyl prednisolone (100-125 mg / 
day first week and 50 mg/day in the next 2 weeks ) for 
3 weeks and the survival rate has increased to 60 to 70% 
although catheter related PV thrombosis was observed 
in 8 to 37.5% of cases.'? 

Gabexate mesylate is a protease inhibitor that 
commonly used for systemic DIC, inhibits platelet 
aggregation, thrombin, and other coagulation factors. 
PGE1 had the effect of improving microcirculation 
through vasodilatation, stabilizing lysosomal 
membranes, and inhibiting platelet aggregation as well 
as enhancing the effect of immunosuppression.'> 

Yamada et al.!” reported that in pediatric liver 
transplants (biliary atresia) with ABO incompatibility, 
splenectomy and intraportal infusion therapy protocol 
consisting of continuous local administration of 
Prostaglandin E; (0.005-0.01 ug/kg per minute), 
methylprednisolone (2-3 mg/kg per day), and Gabexate 
mesylate (1 mg/kg/hour) via a portal vein catheter for 
2 weeks. Even after the application of local infusion 
treatment, a considerable number of ABO-I LDLT grafts 
have been lost due to total graft necrosis associated with 
the rebound elevation of the isoagglutinins, for which 
plasma exchange seemed to be ineffective.!5 


HEPATIC ARTERY INFUSION THERAPY 


After hepatic artery anastomosis, an 18-G catheter 
(designed for a central venous line) is placed in the hepatic 
arterial branch of the recipient, which is not used for 
reconstruction. Methylprednisolone, PG E1 and Gabexate 
mesylate are administrated (as per the dosage mentioned 
earlier) immediately through the hepatic artery catheter 
adding to the basic immunosuppression. The catheter is 
removed 3 weeks after transplantation. 


Complications of PV/HA infusion therapy 
* Thrombosis of PV, SMV and HA 
* Bleeding from the hepatic artery 
* Accidental dislocations 
* Sepsis 
* Hepatic embolism 


PV thrombosis was thought due to PV cannulation and 
splenectomy. Incidence of PV thrombosis (37.5%) can be 
reduced by inserting a catheter into a peripheral branch 
ofthe middle colic vein and keeping the tip of the catheter 
peripheral to the SMV. 


ANTI CD29 AB (RITUXIMAB) 


It is a chimeric monoclonal gamma globulin (mouse / 
human) available as Rituxan. The antibody binds to the 
cluster of differentiation 20 (CD20) widely expressed on 
B-cells.252 It is given as IV infusion at a dose of 375 mg/ 
mi. Half life is around 30-400 hours depending on the 
dose and length of treatment. Mechanism of action: The 
antibody binds to CD»; and induces apoptosis of CD29 
positive cells. It has a general regulatory effect on the cell 
cycle. It induces complement mediated cell lysis and 
antibody-dependent cytotoxicity on CD29 positive 
cells.*2? The Fc portion mediates antibody-dependent 
cellular cytotoxicity (ADCC) and complement-dependent 
cytotoxicity (CDC). It can reduce complement-dependent 
and antibody-dependent cellular cytotoxicity induced by 
antidonor blood type antibodies via B-cells.?! It down 
regulates the B-cell receptor. Adverse events are severe 
infusion reactions, cardiac arrest, leukopenia, renal 
dysfunction, and pulmonary edema, infections like HBV 
reactivation, progressive multifocal leukoencephalopathy 
(PML) and immune toxicity due to depletion of B-cells. 


Uses of Anti-CD2) Antibody therapy 
* ABO-I transplantation 
* B-cell non-Hodgkin's lymphoma 
* B-cell leukemia 
* Autoimmune disorders like Rheumatoid arthritis and 
SLE. 


Other anti-CD2) monoclonals: They are not recommen- 
ded for use in transplantation. 
* Ocrelizumab, humanized (90-95% human) B-cell 
agonist. 
e Ofatumumab (HuMax-CD29) a fully-human B-cell 
agonist. 
* Belimumab 
Rituximab can be used for rescue treatment or 
preoperative prophylaxis or for both. Usui et al. reported 
successful suppression of the isoagglutinin titer with the 
use of anti-CD», antibody (Ab) for 3 weeks before LDLT.2 
In the ABO-I kidney field, Sonnenday et al. showed no 
correlation between clinical humoral rejection and 
positive C4d or high isoagglutinin titers. Further 
investigation is necessary in this field. He mentioned the 
possible avoidance of splenectomy for ABO-I cases with 
the use of anti-CD3; Ab and Intravenous immuno- 
globulins. 


INTRAVENOUS IMMUNOGLOBULIN (IVIG) 


It is used as treatment for evoked humoral responses. In 
the field of kidney transplantation, the effective use of 
IVIG for the control of acute humoral rejections in highly 
sensitized candidates was practiced as early as 1994.4 

Morioka et al. reported a case with the use of IVIG 
with local graft infusion treatment for a rebound elevation 
of the isoagglutinin titer after LDLT.” In ABO-I LDLT, 
early reports have described its ineffectiveness to control 
the rebound elevation of the isoagglutinin titer and the 
occurrence of total graft necrosis with its use after LDLT. 
In 2004, Morioka et al. used IVIG for ABO-I LDLT. Even 
though the immunomodulatory mechanisms of IVIG are 
described as B-cell apoptosis, Fc-receptor dependent 
pathway, induction of the inhibitory receptor on the B- 
cell, inhibition of complement-mediated allograft injury, 
but the mechanism in ABO incompatibility is still 
unclear.?525 Ikegami et al. reported successful use of 
preoperative rituximab single dose and PE (twice daily 
for 3 days) and postoperative high-dose IVIG in 
combination with PE without the use of local infusion 
therapy in a case of ABO-I LDLT with humoral rejection. 
This strategy should therefore be another management 
option for ABO-I LDLT. 


TRIPLE IMMUNOSUPPRESSION THERAPY 


Systemic immunosuppression consists of Tacrolimus (10- 
15 ng/ml) or cyclosporine (300-350 ng/ml), 
corticosteroids, and antimetabolites like MMF (500-1000 
mg bid) or azathioprine are used as per the normal 
protocol. Corticosteroids are tapered as per the routine 
protocol for compatible transplantation. The strategies 
developed for adult ABO-I LTX should be applied to the 


child age group to further improve outcomes. High 
preoperative antibody titer did not have a significant 
effect on the frequency of AMR. Even if the antibody titer 
is decreased by preoperative plasmapheresis, patients are 
at increased risk for AMR. Conversely, a postoperative 
anti-donor blood-type antibody titer of 1:256 or greater 
is a significant risk factor for AMR. Every effort should 
be made to prevent postoperative increase in anti-donor 
blood-type antibody titer. In Japan, survival rates and 
incidence of AMR in patients of blood type A mismatch 
and type B mismatch are similar. Blood type O is a 
significant risk factor for AMR in adults.* Immune 
response is weak in blood type A2 than to type A1 leading 
to a better outcome of transplant with organs from A2 
donors than from A1 donors.?? 

Kyoto group? reported that rituximab administered 
earlier than 7 days before transplantation combined with 
HAI without splenectomy terminated clinical and 
pathological AMR and increased the 1-year survival rate 
to 809,25 

Plasma exchange is performed three times before 
transplantation to remove the antidonor antibody to 
below an eight-fold dilution (1:8). The final plasma 
exchange is done in the early morning of the 
transplantation day. Oral administration of 
cyclophosphamide and tacrolimus is started 3 days before 
transplantation. Splenectomy is performed to suppress 
anti-donor antibody. A single-lumen catheter (16G) is 
inserted through the splenic artery in to the proper hepatic 
artery. The catheter is fixed with rubber used for ligation 
esophageal varices. PGE; is immediately and 
continuously infused at a dose of 0.01 pg/kg min. 
Immunosuppression with tacrolimus, steroid, and 
cyclophosphamide is administered as usual for ABO- 
compatible transplantation. When the donor antibody 
dilution was positive at =16 fold, plasma exchange is 
aggressively enforced to remove antidonor antibody, 
occurring twice after the operation with double-filtration 
plasmapheresis. 

Kyoto university reported about ABO-incompatible 
liver transplantation and the immunosuppression used 
in their center? 

1. Perioperative plasmapheresis using plasma exchange 

and the aim is to maintain antidonor blood group A/ 

B antibody IgG and/or IgM titers at or below 1:16. 
2. Pretranslantation immunosuppression: Cyclophos- 

phamide 2 mg/kg/day (-3 day to 14 days) and 

Tacrolimus 0.05 mg/kg/day (-2 day on) 

3. Intraoperatively methylprednisolone 500 mg IV during 
the anhepatic phase and splenectomy. 

4. Post-transplantation immunosuppression includes 4 
drug combination such as Tacrolimus trough level 
maintained at 10-15 ng/mL (first 3 weeks) followed 


by 7-10 ng/mL from 4th week onwards; Methylpredni- 

solone at a dose of 48—40-32-24-16-12 mg (taper); 

MMF at a dose of 250-1000 mg BID; Cyclophos- 

phamide and Azathioprine are used only for 2 weeks 

in the post-transplant period. Cyclophosphamide-2 
mg/kg/day, IV and Azathioprine-50 mg/day, PO. 

5. Local antirejection therapy in post-transplant period 
by intrahepatic artery infusion of Prostaglandin E; 
0.005-0.01 
Recently Egawa et al?* reported Splenectomy and PV 

infusion therapy with triple-agent immunosuppression 

regimen consisting of tacrolimus, steroids, and MMF or 
cyclophosphamide is the most effective treatment to 
prevent AMR after ABO incompatible transplantation. 

Careful selection of patients is an essential component 

of improving outcomes of ABO-Incompatible LDLT, but 

the most important is to reduce the incidence of fatal 
infections and of AMR. The treatment strategy can be 
divided in to 3 groups such as: 

A. Preoperatively: 

Rituximab 1 week prior to surgery 
Plasmapheresis one day prior to surgery 

B. Intraoperatively: Splenectomy (may be avoided if 
rituximab is used) 

C. Postoperatively: 

i. Local infusion therapy with PGE1, Gabexate 
mesylate and Methylprednisolone for 3 weeks. 

ii. Immunosuppression: 3 drugs were used such as 
Corticosteroids (6 months), MMF or Cyclophos- 
phamide (1 year) and Tacrolimus continued as 
standard protocol. 

Egawa et al., in his series, used local infusion therapy 

in 133 patients. 

A. Portal infusion therapy (PVT) (41 patients of > 1 year 
age group) (introduced in 2000): prostaglandin E1 
(PgE1), methyl prednisolone, and mesylates were used. 

B. Hepatic arterial infusion (HAI)+ PVI (23 patients of 
> 8 years age group): PgE1 and steroids were 
administered through a catheter into the hepatic artery 
and mesylates though a catheter into the portal vein. 

C. HAI without PVI (68 patients of > 1 year age group): 
PGE1 and steroids were used. 

Egawa et al.* reported that all long-term survivors 
showed low levels of IgM titers.* Between PV and HA 
infusion, it is not yet concluded that which local infusion 
therapy is better and should be included in standard 
practice methods. Recently, the Kyoto group has reported 
that the CDs. T-cell phenotype can be used to predict the 
postoperative course and that the frequency of effector 
CDs. cells changed with the postoperative course.*” 


Complications in ABO-I LDLT 
* Humoral rejection 18% 
* Hepatic necrosis 10% 
Intrahepatic biliary complications 8% 
Bacterial infections 29% 
* Fungal infections 15% 
* Viral infections 51% 
* Thrombotic microangiopathy (TMA) 


Thrombotic microangiopathy (TMA)?! It is diagnosed by 
sudden and severe thrombocytopenia, followed by 
hemolytic anemia with fractionated erythrocytes in the 
blood smear. It is manifested by thrombocytopenia, 
hemolytic anemia, renal dysfunction with marked 
elevation in fibrinolytic function markers such as 
plasminogen activator inhibitor type 1 (PAI-1). TMA 
occurred at a higher prevalence in ABO-I graft recipients. 
Early recognition of thrombocytopenia and elevation of 
PAI-1 is crucial to diagnose TMA and plasma exchange 
is started as soon as TMA is suspected. 


Diagnosis of Antibody mediated rejection (AMR): Increase 
in of CDjs-positive lymphocytes observed in the 
peripheral blood will give a clue about humoral rejection. 
Hepatic necrosis and intrahepatic biliary complications 
can be diagnosed by CT scan. Biliary complication rate 
is more in ABO-I liver transplants. Percutaneous liver 
biopsy from specimen helps in confirming the humoral 
rejection showing signs of periportal edema, haemorrhage 
and necrosis. C4d staining shows apparent deposition in 
the portal area. Haga et al. reported that a positive C4d 
is the hallmark of acute humoral rejection and is 
associated with high isoagglutinin titers.?? 


Prophylaxis for infection in ABO-I LDLT: Postoperative 
prophylaxis for the infection of patients with ABO-I 
transplantation consists of 3rd or 4th generation 
cephalosporins during operation and for the first 3-4 days 
postoperatively, antifungal agents like fluconazole or 
micafungin for 10 days, gancyclovir for 3 months, and 
trimethoprim /sulphamethxazole for 1 year. Cytomegalo- 
virus antigenemia is assessed every week for 6 weeks. 
A bacterial, viral, or fungal infection was assumed if 
clinical or laboratory signs of acute infection, positive 
serologic markers or culture are found. 


ABO-I LDLT in pediatric patients: Keio university has 
reported ABO-incompatible liver transplantation in 
pediatric population® which can be performed with a low 
risk of humoral rejection or late biliary complications 
using the combined antirejection strategy as discussed 
earlier in this chapter. 


Kasahara et al. reported that in their LDLT program, 
an ABO-I graft was unavoidable in 12% of the recipients. 
Despite the application of preoperative plasma exchange, 
splenectomy and enhanced immunosuppression, the 5- 
year graft survival was less than 50% in an adult 
population.5? 
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Electrolyte 


j in 


INTRODUCTION at the time of reperfusion and continues until the end 
Electrolyte and acid base disturbances are often seen in of the surgical procedure.! 

end stage liver disease (ESLD). 

OLT is divided into three phases: ELECTROLYTE DISTURBANCE 


* Phase I (Pre-anhepatic phase/Dissection phase): SODIUM 
Begins with the introduction of anesthesia and " 
rnad upon occlusion of blood flow to the patient's Normal plasma sodium—135 to 145 mEq/L 
diseased liver (anhepatic time) 
* Phase II (Anhepatic phase): Begins at the anhepatic Hyponatremia 
time and terminates with reperfusion of the donor liver — Pre-transplant hyponatremia is common in ESLD 
by the patient's circulating blood patients, especially in those with cirrhosis and ascites, 
* Phase III (Postanhepatic or Reperfusion phase): Begins because of impaired free water excretion. 


Hypotonic hyponatremia (Sosm < 280 mOsm/kg H20) 


Acute renal failure ( Endocrine (D Salt-losing nephritis 

Chronic renal failure © Hypothyroidism © Medullary cystic disease 

Dilutional hyponatremia € Glucocorticoid deficiency € Polycystic disease 
€ SIADH € Obstructive nephropathy 
Drugs O Analgesic nephropathy 
© Sulfonylureas © Chronic pyelonephritis 
6 NSAID RTA type | ~ IV 
© TCA and Haloperidol Diuretics and osmotic diuresis 
© Cyclophosphamide Mineralocorticoid deficiency 
© Opiates and Nicotine Metabolic alkalosis 

® Psychogenic polydipsia 

Una < 10 mEq/L © Congestive heart failure ‘Skin loss 

© Liver cirrhosis 9 Burns 

G Nephrotic syndrome € Excessive sweating 

Gl loss 

© Gl suction 

€ Pancreatitis 

6 Vomiting 

© Diarrhea 

Third space loss 

Traumatized muscle 

Post-diuretic therapy 


Isotonic pseudohyponatremia © Hyperproteinemia © Hyperlipidemia 
Hypertonic hyponatremia (Sosm > 295 mOsm/kg HzO) GHyperglycemia ® Mannitol excess @ Glycerol therapy 


Different mechanisms for free water retention: 
* Nonosmotic hypersecretion of antidiuretic hormone 

(ADH) 

* Altered prostaglandin metabolism 

* Reduced delivery of filtrate to the ascending limb of 
the loop of Henle for free water production because 
of decreased filtered sodium and excessive proximal 
sodium reabsorption.? 

Intraoperatively, hyponatremia may be reversed and 
patients may even become hypernatremic due to large 
amount of sodium infusion through blood products, 
sodium bicarbonate and isotonic or hypertonic saline. 

Simultaneous infusion of potassium may lead to 
enhanced cellular uptake of potassium and contribute to 
the rise in extracellular sodium concentration. 

Rapid reversal of hyponatremia and the development 
of hypernatremia should be avoided because of the risk 
of central pontine myelinosis.?4 

Recently, it has been shown that pretransplant 
hyponatremia is associated with significant complications 
during the first month after orthotopic liver 
transplantation (OLT). Hyponatremia should be 
considered not only a risk factor for death before OLT 
but also a risk factor for impaired early post-OLT 
outcomes. 


MAINTENANCE OF SODIUM LEVEL 
HYPONATREMIA 


Replacement therapy is by infusion of isotonic or 
hypertonic saline. Replacement therapy is guided by the 
formula 
Sodium deficit (mEq) = Normal total body water x 
(130 - Current plasma sodium) 


Total body water (In liters): 60% of lean body weight 
in males and 50% of lean body weight in females. 

Plasma sodium of 130 mEq/L is taken as desired end 
point of replacement therapy. 

To limit the risk of demyelinating encephalopathy, the 
rate of rise of plasma sodium should not exceed 0.5 mEq/ 
L/hour and the final plasma sodium concentration should 
not exceed 130 mEq/L. 


Central Pontine Myelinosis (CPM) 

It is a symmetric noninflammatory demyelinating 
disorder in the brainstem pons. It is a complication of 
severe and prolonged hyponatremia. Cirrhotic patients 
on potent diuretic therapy are at risk of developing CPM. 


Risk factors: 
* Serum sodium < 120 mEq/L for more than 48 hrs. 


* Aggressive IV fluid therapy with hypertonic saline and 
hypernatremia during treatment 

With correction of the hyponatremia use of intravenous 
hypertonic saline, the correction can be too quick, not 
allowing enough time for the brain's cells to adjust to the 
new tonicity. With a rise in extracellular tonicity, the cells 
compensate by losing a small amount of water. This loss 
will continue until the intra- and extracellular tonicities 
are equal. If hypertonic therapy continues or is too rapid, 
the extracellular tonicity will continue to drive water out 
of the brain’s cells, leading to cellular dysfunction and 
CPM. 

Clinical manifestations include delirium, pseudo- 
bulbar palsy, dysphasia, dysarthria and spastic 
quadriplegia leading to permanent neurological damage. 
Individuals with hyponatremia should receive no more 
than 8-10 mmol of sodium per day to prevent central 
pontine myelinosis. 


Hypernatremia 


Hypovolemia Isovolemia Hypervolemia 
(hypotonic fluid loss) (pure water loss) (hypertonic fluid gain) 


1. Renal losses 1. Renal losses 1. latrogenic 
"Osmotic diuresis “Central DI “Hypertonic saline 
a. hyperglycemia — "Nephrogenic DI “Hypertonic sodium 
b. mannitol bicarbonate 
c. postacute 


tubular necrosis 
d. relief of obstruction 


“Diuretics 

2. Extrarenal losses 2. Extrarenal 2. Mineralocorticoid 
"Skin losses excess 
"Respiratory tract “Respiratory 
"Gastrointestinal — "Skin 
tract 


Treatment of hypernatremia depends on the cause of 
hypernatremia. If it is hypovolemic hypernatremia, 
replace the volume deficit with isotonic saline (0.9% NaCl) 
and control cardiac output. If the hypernatremia is due 
to hypervolumia, diuretics are used to control it. 


POTASSIUM 
Normal value - 3.5 to 5.5 mEq/L 


Hypokalemia 
Mild hypokalemia is common in patients awaiting liver 
transplantation. 
Etiology of hypokalemia 
* Potassium loss from the intestines 
- Vomiting 
- Diarrhea 


- Tleostomy: In some patients who have had bowel 
surgery and an Ileostomy formed, significant 
potassium loss can occur. 

- Villous adenoma (a type of colon polyp that can 
cause the colon to leak potassium) 

- Laxative use 

* Potassium loss from the kidney 

- Diuretics like hydrochlorothiazide (HCTZ) or 
furosemide (Lasix) 

- Elevated corticosteroid levels, either from 
medication like prednisone or from Cushing's 
Syndrome 

— Elevated levels of aldosterone, a hormone that can 
increase with renal artery stenosis or adrenal tumors 

- Renal tubular acidosis 

- Low body magnesium levels 

* Side effects of some medications 

- Aminoglycosides like gentamicin or tobramycin 

- Amphotericin B 

- Prednisone 

Intraoperatively, during phases I and II, the potassium 

concentration remains relatively stable. Following 
reperfusion, however, there may be a transient 10 to 15 
minute sharp rise in potassium levels if the potassium- 
rich perfusate is allowed to enter the circulation or if veno- 
venous bypass is not used.^^ 

Rapid resolution of the rise in potassium concentration 

has been attributed to re-entry of potassium into 
hepatocytes. Still many patients require potassium 
supplementation. 

Fluctuations in potassium concentration may be 

secondary to: 

* Kidney dysfunction!^ 

- Acute and chronic renal failure, 

- Glomerulonephritis, 

- Lupus nephritis, 

— Transplant rejection, and 

— Obstructive diseases of the urinary tract, such as 
urolithiasis (stones in the urinary tract). 

Diseases of the adrenal gland: Addison's disease 

Potassium shifts 

- Diabetic ketoacidosis 

- Trauma, 

- Burns, 

- Surgery, 

- Hemolysis (disintegration of red blood cells), 

- Massive lysis of tumor cells, and 

- Rhabdomyolysis (a condition involving destruction 
of muscle cells that is sometimes associated with 
muscle injury, alcoholism, or drug abuse) 

* Medications 
— ACE inhibitors, 
- ARBs, 


- NSAIDs, 

— Potassium-sparing diuretics 

When potassium has to be supplemented in great 
quantity with high sodium-containing fluid, 
hypernatremia may follow potassium supplementation 
because of an extracellular movement of sodium in 
association with cellular sodium and potassium exchange 
and an extracellular sodium concentrating effect caused 
by enhanced cellular free water uptake in association with 
cellular uptake of both potassium and chloride. 

Control of hyperkalemia in patients with poor renal 
function may require dialysis. 

Acute hyperkalemia caused by influx of potassium 
from the liver at the beginning of reperfusion during 
orthotopic liver transplantation (OLT) may induce 
various arrhythmias and myocardial depression, or 
“cardioplegia.”!° 


MAINTENANCE OF POTASSIUM LEVELS 


Hypokalemia 
Treat the condition that promotes transcellular potassium 
shift (e.g. Alkalosis) 

If the hypokalemia is due to potassium depletion, then 
potassium replacement is required. 

Potassium deficit of 10% is expected for every 1 mEq/L 
of decrease in the serum potassium. 


Replacement therapy: 

a. Potassium chloride: Available as a concentration of 
1-2 mEq/L in ampoules containing 10,20,30 and 40 
mEq of potassium. 

b. Potassium phosphate solution (4.5 mEq of potassium 
and 3 mM phosphate/mL) 

Intravenous potassium replacement: Add 20 mEq of 
potassium to 100 ml of isotonic saline and infuse over 
1 hour. Maximum rate of infusion is 20 mEq/hour. 
Preferably central line should be used for infusion due 
to irritating property of hyperosmotic potassium solution. 

If the hypokalemia is refractory, check for serum 
magnesium as magnesium deficit promotes urinary 
potassium loss. 


Hyperkalemia 


Hyperkalemia occurs after early post-transplant period 
in recipients with decreased renal functions. 


Treng of Hyperkalemia: 
* Stop all potassium intake (IV and PO) 

* Monitor EKG 

* Check pH, correct acidosis (if present) 

* Calcium gluconate (10%) 10 ml intravenous over 3 
mins and can be repeated in 5 mins. Response lasts 
for 20-30 mins. Avoid bicarbonate after calcium dose. 


* Calcium chloride (10%) contains 3 times more calcium 
than calcium gluconate and rate of infusion is 10 ml 
intravenous over 3 mins. 

e Kayexalate (oral dose of potassium) 30 gm in 50 ml 
of 20% sorbitol or rectal dose of 50 gm in 200 ml of 
20% sorbitol as retention enema. 

* 10 units of regular insulin in 500 ml of 20% dextrose 
solution, infused over 1 hour. 

* Loop diuretics like frusemide can be used. 

* Hemodialysis or CRRT is the most effective method 
of lowering potassium level in patients with renal 
compromise after liver transplantation. 


CALCIUM 

Normal value - 9 to 10 mg/dl 

Hypocalcemia 

Decreased total and ionized calcium is common in ESLD 
patients. 


Intraoperatively, calcium levels may fall to life- 
threatening levels. 

During phases I and II of liver transplantation, the free 
calcium level may fall when calcium is chelated by the 
citrate in any blood products the patients receive.i^* 

During the phase III (postanhepatic phase) this 
chelation process may be reversed when the functioning 
liver is able to metabolize citrate to bicarbonate? 

Excessive administration of blood products and 
calcium supplementation during phases I and II can 
predispose patients to hypercalcemia and metabolic 
alkalosis postoperatively. 

Less commonly, hypercalcemia may occur in patients 
awaiting liver transplantation. Reports of hypercalcemia 


have been documented in patients with renal failure and 
hepatocellular carcinomas independent of skeletal 
metastatic disease.” When hypercalcemia does occur, 
control of both calcium and phosphate levels are crucial 
to avoid metastatic calcification. 


Causes of Hypercalcemia 
* Primary hyperparathyroidism 

- Sporadic 

- Familial 
* Hypercalcemia of malignancy 
— Osteolytic hypercalcemia 
- Humoral hypercalcemia of malignancy 
- Ectopic production of calcitrol (by lymphoma) 
Hypercalcemia of granulomatous disease 
Chronic renal failure with aplastic bone disease 
Tertiary hyperparathyroidism 
Acute renal failure 
Familial hypercalcemic hypocalciuria 
Lithium-associated hypercalcemia 
Vitamin D intoxication 
* Other causes 

- Increased calcium intake 

- Pheochromocytoma 

— Congenital lactase deficiency 

- Hyperthyroidism 

- Vitamin A intoxication 

- Thiazides 

- Milk-alkali syndrome 

- Immobilization 

- Theophylline 


Etiology of hypocalcemia 


Decreased entry of Increased loss of Other causes 
calcium into the circulation calcium from the circulation 
* Hypoparathyroidism * Hyperphosphatemia LI is 
(absence of PTH secretion) — Renal failure * Fluoride administration 
— Postoperative — Rhabdomyolysis * Surgery 
— Autoimmune — Tumor lysis * Chemotherapy 
(isolated or part of polygandular — Phosphate administration = Cisplatin 
autoimmune syndrome) * Acute pancreatitis — 5-fluorouracil 
— Congenital * Hungry bone syndrome — Leucovarin 
(mutations of CaSR, PTH,and * Chelation 
parathyroid aplasia) — Citrate 
— Pseudohypoparathyroidism, — EDTA 
types 1a and 1b, and type 2 — Lactate 
* Magnesium depletion — Foscarnet 
* Severe hypermagnesemia + Widespread osteoblastic metastases 
* Deficiency of vitamin D — Prostate cancer 
— Breast cancer 


(Source: www.clevelandclinicmeded.com) 


Calcium Replacement Therapy 


10% Calcium chloride or 10% Calcium gluconate. 
Bolus dose of 100 mg of elemental calcium diluted in 
100 ml of isotonic saline given over 5-10 mins, followed 
by continuous infusion of 0.5-2 mg/kg/hr for at least 6 
hours. Calcium chloride is preferably given in central line 
and calcium gluconate is given via peripheral vein. 


PHOSPHATE 
Normal value - 2.5 to 5 mg/dl 


Hypophosphatemia is due to: 

* Rapid redistribution of phosphate from the 
extracellular fluid into bone or soft tissue 

* Inadequate intestinal phosphate absorption 

* Excessive renal phosphate excretion 
Hypophosphatemia is not uncommon in ESLD 

patients without renal failure. Intraoperative phosphate 

levels have been reported to rise. Postoperative 

hypophosphatemia is typically observed secondary to 

extracellular volume expansion, the use of diuretic, 

cyclosporine, and phosphate-binding medications.? 


Treatment of Hypophosphatemia 
Severe Hypophosphatemia (serum pH «1 mg/dl): IV 
phosphorus replacement is recommended at a rate of 0.6 
mg/kg/hr 
Hypophosphatemia («2 mg/dl): IV phosphorus 0.9 mg/ 
kg/hr 

Once2 mg/dl serum phosphorus is achieved, the oral 
replacement should be started at a dose of 1200-1500 mg 
phosphorus per day. 


MAGNESIUM 
Normal value - 1.4 to 2 mEq/L 


HYPOMAGNESEMIA 


Patients with ESLD may present with hypomagnesemia 
for the same reasons as for hypokalemia. 
* Intraoperative hypomagnesemia is due to transfusion 

of citrated blood products. 
* Postoperatively hypomagnesemia is due to 

- Enhanced renal loss 

- Use of cyclosporine 

- Recovering diuretic phase of pretransplant acute 

renal failure 

— Excessive gastrointestinal loss 

Early replacement of magnesium is necessary to 
prevent cardiac arrhythmias and neurologic complica- 
tions because calcineurin inhibitor neurotoxicity is more 
common in the presence of hypomagnesemia.! 


Magnesium Replacement Therapy 

50% Magnesium sulfate (500 mg/ml) is diluted to 10% 
(100 mg/ml) or 20% (200 mg/ml) solution for intravenous 
use. Isotonic saline is used for dilution. 

Dose- 1 to 5 mEq/ kg/ 12- 24 hrs infusion depending 
on the severity of hypomagnesemia, later at a lower dose 
of 1 mEq/L/day for 3-5 days. 

Oral preparations in the form of magnesium chloride, 
magnesium oxide (140 mg, 400 mg) and magnesium 
gluconate (500 mg) are available. 


ACID-BASE DISTURBANCES 
RESPIRATORY ALKALOSIS 


Itis the most common acid-base disturbance seen in ESLD 
patients. 
Possible factors in the hyperventilation that results in 
this alkalosis include 
1. Increased CNS drive for respiration 
* Anxiety 
CNS infection, infarction, trauma 
Drugs: salicylates, nicotine, aminophylline 
Fever, sepsis: especially gram-negative sepsis 
Pregnancy, progesterone 
Liver disease 
2. Increased stimulation of chemoreceptors 
Hypoxia 
Anemia 
Carbon monoxide toxicity 
Pulmonary edema, pneumonia 
Pulmonary emboli 
Reduced inspired Oz tension: high altitude 
3. Increased mechanical ventilation — iatrogenic 


METABOLIC ALKALOSIS 


It is another common finding among ESLD patients and 

is due to 

1. Chloride-responsive (urinary chloride « 10 mEq/L) 
* Vomiting 

Nasogastric suction 

Diuretics (urinary chloride » 20 mEq/L) 

Post-hypercapnic alkalosis 

Stool losses (laxative abuse, cystic fibrosis, villous 

adenoma) 
* Massive blood transfusion: Intraoperative infusion 
of citrated blood products and sodium bicarbonate 
solutions 
* Exogenous alkali administration 
- Reduced oral intake/inadequate fluid 
administration 

— Reduction of sufficient chloride delivery to the 
distal tubule to allow adequate bicarbonate 
excretion.i* 


2. Chloride-resistant (urinary chloride > 20 mEq/L) 


* Hyperadrenocorticoid states (Cushing's syndrome, 
secondary 


primary  hyperaldosteronism, 
mineralocorticoidism [licorice, chewing tobacco] 
- Hypoalbuminemia??5 
* Hypomagnesemia 
* Hypokalemia 
* Bartter's syndrome 
3. Milk-alkali syndrome 


METABOLIC ACIDOSIS 


It can occurs as a result 
* Metabolic acidosis with an increased anion gap 
K. Diabetic ketoacidosis 
U. Uremia 
S. Salicylate intoxication 
S. Starvation ketosis 
M. Methanol 
A. Alcohol ketoacidosis 
U. Unmeasured osmoles: ethylene glycol, 
paraldehydes 
L. Lactic acidosis 
Metabolic acidosis with a normal anion gap (hyper- 
chloremic metabolic acidosis) 
- Renal loss of bicarbonate 
a. Renal tubular acidosis 
b. Hypoaldosteronism 
c. Carbonic anhydrase inhibition: acetazolamide 
- GI loss of bicarbonate 
a. Diarrhea 
b. Pancreatic fistulas 
c. Ureterosigmoidostomy 
- Mineral acid administration 
à. Ammonium chloride 
b. Arginine hydrochloride 
c. Calcium chloride (oral only) 
Renal tubular acidosis has been reported in patients 


with cholestatic liver disease and ethanol-induced chronic 
liver disease.'> 


RESPIRATORY ACIDOSIS 


Itis rare, but the presence of respiratory acidosis portends 
an ominous prognosis.!> 


Causes 
1. Decreased alveolar ventilation and CO2 removal 


* Obstruction (e.g. bronchospasm, emphysema, 
aspiration, foreign body or laryngospasm) 

* Primary depression of respiratory center (e.g. 
anesthesia, narcotics, sedatives, increased 


intracranial pressure (IICP), vertebral artery 
embolism or thrombosis, trauma, neoplasm or 
infection) 

* Mechanical or structural defect (eg. pneumothorax, 
hemothorax, ARDS, flail chest or kyphoscoliosis) 

* Mechanical or neuromuscular defect (eg. primary 
muscular disease, neuromuscular diseases, drugs, 
botulism, tetanus, organophosphate poisoning or 
spinal cord injury) 

* Decreased stimulation of respiratory center (sleep 
apnea) 


2. Decreased capillary exchange of CO 


* Cardiac arrest 

* Circulatory shock 

* Severe pulmonary edema 

Treatment of acidosis and alkalosis (metabolic/ 
respiratory) is according to the etiology and the conditions 
precipitating the acid base disturbances. 
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CELLULAR BASIS OF REJECTION 


Liver is one of the most immune-tolerant of all solid organ 
transplants. Histological criteria for diagnosis of ACR in 
liver depends on the presence of large portal based 
inflammatory infiltrate with injury to hepatic 
components. Early target tissue for ACR is the bile duct 
epithelium and venous endothelium leading to injury to 
hepatocytes either by direct immunological injury or due 
to the effect of vascular injury and ischemia. 


ROLE OF CD;, AND CDs, LYMPHOCYTES IN ACR 


Lymphocytes are the predominant of cells involved in 
ACR. Hepatic allograft rejection is mediated by a primary 
response of T-lymphocytes, followed by a mixed 
inflammatory infiltrate. Lymphocyte population contains 
both CD,. and CDs. lymphocytes, when activated, these 
cells proliferate, differentiate and secrete cytokines. The 
appearance of CD, lymphocytes within the portal tracts 
predicts rejection even before the biochemical evidence 
is present. ACR and chronic rejection correlate with the 
presence of CDs. rather thans CDs, cells within the portal 
tracts.! It is believed that CDs. T-cells that cause the graft 
injury via cytolytic activity dircted against donor 
alloantigen. Clinical observations suggest that CD. cells 
have a central role in allograft rejection by acting through 
CDs. effector cells. 

Mc Caughan et al? using frozen tissues from 18 cases 
with ACR, reported that CD;. and CDs. cells were present 
in approximately equal numbers in the portal tracts and 
that the CDs. /CD,. ratio in bile ducts was approximately 
6:1, whereas slightly more than 50% of T-cells attached 
to portal and central veins indicating endothelitis were 
CDs, cells. Ibrahim et al.? using frozen liver tissues, found 
the number of portal CD;-positive T-lymphocytes to be 
significantly higher in 20 patients showing rejection than 
in 30 without evidence of rejection. This was primarily 


the result of a significant increase in CDs. cells. Ibrahim 
et al. comparing subjects with and without transplanted 
liver rejection, concluded that rejection was most 
associated with a marked increase in the number of CDs. 
T-cells. Dollinger et al.* using formalin fixed and paraffin- 
embedded liver tissues, reported that CD4. 
T-lymphocytes were located predominantly inside the 
portal tracts and were significantly more numerous, 
accounting for 59.0-66.2% of lymphocytes and CDs, T- 
cells were located predominantly within the liver 
parenchyma, based on observation of 10 liver tissues with 
ACR. 

Kuboto et al? reported that the number of CDs. 
lymphocytes increased while CDy. lymphocytes 
decreased, according to the degree of ACR. This resulted 
in positive and inverse correlations between portal 
infiltration of CDs. and CD,. T-lymphocytes and ACR 
severity, respectively. CDs. lymphocytes were also 
demonstrated to be present in the bile duct epithelia and 
subendothelial portions of portal veins, sites used 
pathologically to diagnose ACR, indicating that CDs, cells 
participate in tissue injury. 

From all earlier studies it is clear, morphologically, that 
CDs, rather than CD,. T-lymphocytes play an important 
role in tissue damage, which corresponds to the severity 
of ACR inflammation. 

Identification of tissue CDs- levels in the portal tract 
to be useful for objectively evaluating the degree of ACR 
in LRLT. It was also suggested that cytotoxic T-cells play 
an important role in ACR.* Other studies reported that 
rejection demonstrates higher expression of CD,., CD7. 
and CDg., CDss. T-lymphocytes in liver in comparison 
to peripheral blood. In patients without acute rejection, 
CD.., CD». T-lymphocytes were found in higher number 
in periheral blood than in the liver. This indicates that 
T-helper cell immune mechanism operates in a local 
fashion and may be involved in acute rejection. CD, cells 


are important in initiating and amplifying the immune 
response and the CDs, cells are involved in rejection 
process. 


Helper T-lymphocytes and Rejection 

It is generally accepted that helper T-lymphocytes play 
à central role in the triggering of allograft rejection,* 
especially by the secretion of cytokines, that provide help 
for the activation, proliferation, and differentiation of 
other lymphocytes? After activation, helper 
T-lymphocytes are polarized into two major subsets, 
T-helper 1 cells (Th:) and T-helper 2 cells (Th;), based 
on their cytokine production.*? Similarly, cytotoxic T (Tc) 
lymphocytes may differentiate into Tc; and Tc» 
populations with cytokine profile analogous to those seen 
in Th subpopulations.!! 

Th; cells produce interleukin-y (IL-2), interferon-a 
(IFN-y), tumor necrotic factor a and f and promote 
immunopathologic functions by mediating delayed-type 
hypersensitivity (DTH),! and frequently his type of 
immune activation is usually manifested during allograft 
rejection.’ Th; type cytokines have been correlated with 
acute graft rejection severity as well as a kind of selective 
recruitment of Th; cells into sites of DTH reactions,” 
probably due to the expression of selectin ligands in cell 
surface. Drugs that suppress the IL-2 production and 
release like cyclosporine and tacolimus play a vital role 
in the inhibition of rejection response. 

Kim et al reported that measurement of serum IFN- 
a and sCD» during the pre- and post-LDLT periods may 
be helpful to evaluate the risk for liver allograft rejection./* 
CD» is a 120-kDa transmembrane glycoprotein member 
of the tumor necrosis factor-nerve growth factor receptor 
family. A soluble form of CD39 (sCD39), which is released 
into the bloodstream, can be used as a marker for an 
activation state of Th» cytokine-producing T-cells.'? Th; 
cells produce IL-3, IL-4, IL-5, IL-6 and IL-10, among 
others,’ provide B cell help, and could inhibit Th; 
proliferation and cytokine secretion. Th; cells may 
modulate acute rejection and the development of allograft 
tolerance. Also Th; cytokine transcripts correlate with 
milder rejection episodes and support humoral/antibody 
mediated response mediated by Ig G1 and Ig E1.'> These 
findings led to the hypothesis that immune deviation from 
a Th; to a Th; cytokine profile could play a crucial role 
inlong-term graft survival.’ Th; type cytokines have been 
correlated to a certain tolerance induction and a 
promoting graft survival.!6 


ROLE OF REGULATORY T-CELLS (TREGS) 


Early studies in rats suggested that tolerance to liver grafts 
involves immune suppression, as splenocytes of 


recipients were able to suppress an allo-MLR.5 These 
experiments showed that there were two spleen cell 
populations involved in the suppressive activity, an early- 
acting population enriched in macrophages that was 
nonspecific and mediated by prostaglandins and a late- 
acting population developing after 35 days that was 
specific and depended on T-cells. Subsequent studies con- 
firmed the presence of suppressor T-cells after LTX.67! 

In recent years, the descended concept of suppressor 
T-cells has undergone renewal and T-cells with immuno- 
suppressive function have become renamed as Tregs. The 
predominant Treg cell subset, initially identified by Hall 
et al” and later studied by Sakaguchi et al.’ is included 
among CD,. CD25, T-cells and is marked by the 
expression of the transcription factor Foxp3. In addition 
to this subset, there is a variety of other T-cell subsets 
with regulatory properties and varied phenotypes, 
including CDs,, CDs. CDzs., TCR, CDs. CDs. double 
negative, and NK receptor expressing T-cells.”# The CDs, 
CD»ss. regulatory T-cells are dividable into natural 
thymus-dependent Tregs and into peripherally induced 
Tregs that develop inter alia during an allospecific 
immune response.” Therefore, in transplantation, natural 
Tregs might be carried by the liver allograft or may 
develop as peripherally induced regulatory T-cells in the 
recipient during the immune response against the graft. 
Where and how Tregs exert their function during the 
induction and maintenance phases of spontaneous liver 
allograft tolerance are unclear, but there is evidence for 
their existence. 

A recent study addressed the question of the specific 
role of the CD, CD»s. Treg subset in spontaneous liver 
tolerance in mice, using a CDs depleting antibody.” Liver 
acceptance was not affected when CD25. cells were 
depleted in the donor prior to or in the recipient 20 days 
after the transplantation; however, the antibody injected 
into recipient mice at the time of transplantation resulted 
in liver rejection. Therefore, CD25, and, presumably CDs, 
Tregs seem to be necessary in the induction but not the 
maintenance phase of allogeneic tolerance in this model. 
This finding has been indirectly confirmed in humans 
among whom peripheral blood CD,. T-cells completely 
weaned from immunosuppression displayed donor- 
specific hyporesponsiveness in vitro, which was not 
affected when the CD»s. subset was depleted." However 
Demirkiran et al” reported a drop in CD, CD25. T-cells 
in peripheral blood directly after human liver 
transplantation, and low levels were sustained in patients 
who experienced acute rejection episodes, whereas a 
relative recovery of this subset was observed in patients 
with stable allograft function. 

These studies indicate that the cells with regulatory 
function do seem to participate in both the induction and 


the maintenance phase of liver transplant tolerance. 
Although the recipient CD;. CD»s. Treg subset seems to 
be critical in the induction phase, other types of regulatory 
cells of undetermined phenotype and mode of action 
might function during the maintenance phase.” 


ROLE OF OTHER CELLS IN ACR 


Other types of cells present within the portal tracts are 
noninflammatory response. Their appearance reflects the 
influence of local cytokines in the inflammatory response. 


Neutrophils 

They are seen in rejection, acute cholangitis and CMV 
infection. They are usually seen in partially treated or late 
rejection. 


Eosinophils 

Peripheral eosinophilia usually <5% is seen in allograft 
rejection. CD,. Th; cells secrete IL-5 which attract 
eosinophils causing further injury and inflammation. 
Eosinophil count has a predictive value in the diagnosis 
of ACRand a marker of treatment response. Normal count 
of eosinophils rules out the moderate to severe rejection 
and elevated count has a positive predictive value for 
ACR. They can be used to differentiate recurrent HCV 
infection and ACR. 


Peripheral Blood Lymphocytes 
Peripheral blood lymphocytes have a limited value in 
predicting ACR. Macrophages are considered as a part 
of nonspecific inflammatory response and Plasma cells 
are not tested for antibody specificity. 


ROLE OF MAJOR HISTOCOMPATIBILITY 

COMPLEX (MHC) 

MHC plays an important role immune system. MHC in 

humans is divided into class I, II and III. These molecules 

are expressed on macrophages and dendritic cells. 

* MHC Class I: They present antigen fragments to 
cytotoxic T-cells and will bind to CDs. receptors on 
cytotoxic T-cells. HLA- A, B, and C genes belong to 
this class I. 

* MHA class II: They present antigen fragments to 
T-helper cells by binding to the CD. receptor on 
T-helper cells. HLA-DP (A1 and B1), DQ (A1 and B1), 
and DR (A1 and B1) genes belong to this class. 

* MHC III expression is variable. 

The initiation of ACR is recipient T-cell recognition of 
allo-MHC-peptide complex on donor macrophages and 
dendritic cells. Transplanted livers contain large number 
of donor macrophages and dendritic cells, which serve 
as a primary stimulation to the recipient alloreacative 
T-cells. 


HUMAN LEUCOCYTE ANTIGEN (HLA) AND 
REJECTION 


Previous studies about the impact of HLA on the outcome 
of a liver allograft have yielded contradictory results. 
Some workers reporta beneficial effect of HLA matching, 
whereas others observe no effect or even a negative 
impact of the HLA compatibility. Some HLA alleles, 
such as HLA-DQB1*0302, in the recipient have been 
associated with a higher risk of early acute rejection in 
LTX 

LTX is successful despite human leukocyte antigen 
(HLA) histocompatibility barriers. It has been reported 
that HLA influences the outcome of hepatic allografts. 


MHC Class I and II antigens 


Class I antigens 

Structure 

Encoded by HLA-A, -B, -C loci in humans 
Single polymorphic heavy chain (45 kd) 
Expressed on all nucleated cells 


Functions 

Activator and target for 

cytotoxic T (CDs.) lymphocytes 

Target for antibody-mediated rejection 
Stimulator of antibody response unknown 


Class II antigens 


Encoded by HLA-D locus (DP, DR, DQ) 

Two chains a (29 kd) and b (34 kd) 
Expressed on B cells, antigen-presenting cells, 
and vascular endothelium 


Activator of helper T-cells (CD,.) and 
stimulator in mixed lymphocyte reaction 
Possible target for antibody-mediated 
Significant stimulator of antibody response 


HLA antigens are involved in cellular immune response? 
and the expression of HLA class I as well as specific HLA- 
class IL alleles may determine liver graft tolerance versus 
rejection..^2? Polymorphisms of the HLA-DQA1 and - 
DPBI loci do not seem to be primarily associated with 
the occurence of acute rejection among liver allograft 
recipients.?! 


ROLE OF HLA-C 


Immunoregulatory functions of HLA-C molecules to 
interact with inhibitory receptors expressed on natural 
killer cells and on some T-cell subsets suggests that 
involvement of the HLA-C locus may affect the outcome 
of liver allografts” Partial class I (HLA-A and HLA-B) 
compatibility may increase the incidence of acute rejection 
among recipients with preoperative viral infections.> and 
HLA-C may play a role in LTX and should not be ignored 
in elucidating the mechanisms leading to the induction 
of liver graft tolerance. 

Inflammatory response seen in rejection is localised 
to portal tracts (is one of the venue, not only localized 
to portal tract) where a mixed inflammatory infiltrate is 
seen with damage to bile duct epithelium and venous 
endothelium and this site is a rich source of MHC class 
T and II antigens. This damage causes elevated alkaline 
phosphatase level. Central vein is another target for 
rejection response and these cells also express class I and 
IL antigens. Conversely hepatocytes are rarely the target 
of ACR, except in late rejection. Human hepatocytes 
express less amount of class I antigen on their surface 
and do not express class II antigens during an episode 
of ACR. The expression of HLA antigens some way 
triggers the rejection response and the HLA disparity 
between the donor and recipient correlates with rejection. 
HLA related rejection is well established in kidney 
transplants, but in liver transplantation results of HLA 
related rejection is still controversial. Till present era, no 
attempt is made to match the HLA antigens in LTX. 

Pittsburg group showed that class I and II 
compatibility was associated with decreased graft 
survival, although few grafts were lost secondary to 
rejection. This probably explains the increased 
susceptibility to CMV infection when donor and recipient 
HLA DR is well matched. Wisconsin group reported that 
matching of MHC class I antigens predict the graft 
survival. Donor type MHC class I antigens have been 
identified in the serum of liver transplant recipients, but 
they decrease with the removal of liver. Solid phase ELISA 
can be used to detect HLA class I antigen in the serum. 
Liver transplant patients show a higher level of HLA class 
I antigen after transplantation with a transient increase 
in rejection and infection. 


Hanvesakul et al” reported that KIR ligand-dependent 
mechanisms play a major role in long-term allograft 
survival after LTX, natural killer (NK) cells play a critical 
role in determining the degree of chronic rejection and 
subsequent fibrosis in the allograft. An important 
observation in this study is that both heterozygous and 
homozygous HLA-C; allografts, which together represent 
approximately 60% of transplanted organs. It might 
therefore be appropriate to allocate HLA-C; homozygous 
allografts to high-risk recipients, such as those receiving 
a second transplant, in order to maximize the chance of 
long-term graft function. The remaining 40% of allografts 
will possess the HLA-C;/C; genotype associated with 
impaired graft survival and this should be taken into 
account when planning future immunosuppressive 
regimens. 


IMMUNE TOLERANCE 


Bellingham, Brent and Medawar in 1953 showed that 
tolerance can be acquired. Tolerance was inferred from 
arapidly declining need for maintenance of immunosup- 
pression after success treatment of rejection. Later in 
1970s, Henry Garnier reported that a significant 
percentage of untreated pig liver recipients did not reject 
their allografts during this time they were using 
azathioprine and antilymphocyte globulin.” Previous 
findings suggest that the induction of liver transplant 
tolerance relies on active suppression of immune 
reactivity, possibly mediated by regulatory T-cells 
(Treg). Introduction of immune tolerance in liver 
transplantation is associated with increased rate of 
apoptosis of T-lymphocytes in the portal inflammatory 
infiltrate and presence of intra graft T-helper 2 cells (it 
is one of the possible mechanisms to induce tolerance). 


ROLE OF KUPFFER CELLS 

Kopier cells in the hepatic sinusoids 
* Can directly interact with T-lymphocytes 

* Play a vital role in immunomodulation 

* Can suppress T-cell proliferation in mixed leukocyte 
reactions 

* Express functional Fas ligand and can induce apoptosis 
of Fas-positive cells. 

* Kupffer cells recovered from chronically accepted 
hepatic allografts have increased Fas ligand mRNA 
and protein expression 

* Have more ability to induce apoptosis of alloreactive 
T-cells. 

* Regulate cytokine production and T-helper 2/T-helper 
3 cell like cytokine mRNA expression in allogenic 
mixed lymphocyte reaction. 


CHIMERISM 

Migration of donor-derived cells to recipient tissues after 
LTX has been suggested to be a mechanism to induce 
and maintain allograft tolerance? although evidence 
for the presence of cells of recipient origin within the 
transplanted liver is limited. Liver has been shown to be 
particularly capable of inducing tolerance. A number of 
hypotheses have been advanced to explain this immuno- 
privileged state, one of which is the presence of 
chimerism. Other factors are the regenerative capacity and 
the production of soluble major histocompatibility 
complex antigens.?? 

Chimerism is the presence of donor-derived cells found 
in the recipient's peripheral tissues years and even 
decades after transplantation.*”>5!*5 Chimerism may be 
defined as a phenomenon in which cells from one 
individual are present in another individual. These cells 
can either be circulating or they can be integrated into 
the parenchyma. Migration of donor-derived cells to 
recipient tissues after liver transplantation is called 
peripheral chimerism?! which may be a mechanism to 
induce and maintain allograft tolerance.” Human hepatic 
intra-graft chimerism, namely, migration of recipient- 
derived cells to the transplanted liver ranges from no 
chimerism to low or even high levels of chimeric cells.53* 

It was questioned whether the transplanted organs 
could not already have been chimeric before 
transplantation, due to circulating fetal cells or cells 
derived from previous blood transfusions.™37 Koopmans 
et al. observed that chimerism is not related to child 
bearing or blood transfusion. It might be useful to 
perform pretransplant biopsies to establish whether 
chimeric cells were present before transplantation. HLA 
tissue compatibility did not influence the occurrence of 
acute rejection and presence of chimerism.255* 


ROLE OF NITRIC OXIDE IN ACR 


Nitric oxide (NO) in an immunomodulatory molecule acts 
as mediator in ACR in liver allograft. NO is produced 
by NO synthetase, a group of P-450 like enzymes which 
convert L-arginine and oxygen into L-citrulline and NO. 
Hepatocytes are the main source of production of NO. 
Plasma levels are increased during ACR as compared to 
normalor chronic rejection patients. NO levels correspond 
to the severity of rejection. Calcineurin inhibitors reduce 
the NO synthesis. Nitric oxide level is not increased after 
liver resection. 


ROLE OF CYTOKINES AND 
CHEMOKINES IN REJECTION 


Various cytokines such as IL-1, IL-2, IL-2 receptor, IL- 
4, IL-6, IL-10, IL-15 Tumor necrotic factor and IEN-o have 


a definite role in the hepatic allograft rejection. 
Identification of systemic cytokine levels is a method of 
directly identifying the pathological changes and a 
noninvasive method of diagnosing rejection. TNF is also 
found to be elevated in bacterial and viral infections. 
IL-6 enhances the differentiation of B-cells and cytotoxic 
T-cells and induces IL-2 receptor expression. A high 
IL-6 level during intraoperative period is a predictive of 
bacterial or viral infection. TNF-a may promote the 
binding of the host lymphocytes to the graft endothelium 
or induce expression of MHC antigens in the graft. 
Elevated levels of IL-2 receptor in seen in rejection 
indicates their vital role. Eosinophils in the allograft site 
produce IL-5 which enhances the development of 
cytotoxic T-cells. To my knowledge, the level of these 
cytokines could not predict the outcome of the graft. If 
itis true, you might mention this point here. Chemokines 
are chemotactic cytokines with a low molecular weight. 
They are responsible for the recruitment of leukocytes.” 
Release of chemokines by hepatocytes is supposed to 
trigger rejection.” Data on chemokine expression after 
transplantation is limited.#!4* Chemokine ligand 3 and 
4 (CCL3 and CCL4) are significantly increased during 
allograft rejection. The sensitivity of CCL3 for rejection 
was 98%. Remarkably, the increase of serum chemokines 
precedes the acute rejection by several days. High 
sensitivity of CCL3 (and CCL4) seems to allow for a 
reliable diagnosis of rejection. In addition, CCL3 and 
CCL4 decreased in CMV infection. 


ROLE OF MONOCYTES AND TOLL-LIKE 
RECEPTORS 2 AND 4 IN ACR 


Innate immunity plays an important role in the immune 
recognition of solid organ allografts. Toll-like 
receptors (TLRs) are a group of innate immune receptors 
that are expressed on a variety of cell types, including 
antigen-presenting cells (APC) and epithelial and 
endothelial cells. This group has recently emerged as 
a critical component to activate dendritic cell (DC) 
maturation programs to induce adaptive immune 
responses.4*4* TLRs may be activated by some 
endogenous agonists thereby participating in allograft 
responses. Role of TLR-4 has been demonstrated in acute 
allograft rejection after lung and cardiac transplan- 
tation. +50 

Monocytes, another important component of the innate 
immune system, also play more important role in allograft 
rejection than previously suspected. Indeed, rejection 
does not occur until monocytes are available in the 
peripheral circulation. Graft dysfunction occurs upon 
infiltration of activated monocytes even without a 
prominent T-cell infiltration (usually, the monocytes will 
become macrophage or dendritic cell when the migrate 


to tissue, please check it). Signaling through TLRs is 
believed to be the critical first step in monocytes 
activation. 

Deng et al reported that a significant association 
between TLR-4 and TLR-2 expression on circulating 
monocytes and acute rejection episodes in liver 
transplantation and they observed that steroid pulse 
therapy which is considered to be effective for acute 
rejection, reduced TLR-4 and TLR-2 expressions in acute 
rejection patients and then improve the patients 
conditions.*' Signals mediated by TLR-4 and TLR-2 may 
be one mechanism of acute rejection in liver 
transplantation. The expression of TLR-4 and TLR-2 on 
monocytes may be early predictive candidate of acute 
rejection after liver transplantation." 


ROLE OF C4d IN ACUTE REJECTION 


C4d is a product of the complement pathway and is 
deposited in humoral rejection.” Earlier it was believed 
that the acute rejection was mainly cellular rejection. Bu 
et al suggested that C4d deposition in the vascular walls 
of portal area might be used to determine the presence 
of acute cellular rejection. Compared with acute rejection 
in a transplanted kidney, positive reactions of C4d 
deposition in the hepatic sinusoidal walls was weak but 
did existed in their study. In acute rejection, the sites of 
C4d deposition are mainly in the vascular walls of portal 
areas and hepatic sinusoids.5* 


PSYCHOLOGICAL FACTORS IN REJECTION 


Accumulating evidence suggests that psychosocial factors 
may impinge on immune-related events such as 
modulation of T-cell responses?! or exacerbation of 
immune-related disorders? Distress as well as 
depressive moods have been shown to correlate with the 
modulation of distinct immune responses? and therefore, 
may contribute to transplant rejections as well.5* 


ANTIBODY MEDIATED/HYPERACUTE REJECTION 


Earlier reports suggested that successful LTX can be done 
in presence of anti donor HLA antibody.*>* But other 
studies have shown inferior graft and patient survival 
in presence of positive cross match. Liver allograft 
failure rate is high in the first 4 weeks after transplantation 
when there was a positive T-cell cross match and these 
patients are more likely to suffer from sepsis after 
transplantation. Relative resistance of the liver to antibody 
mediated rejection can be explained in terms of its dual 
blood supply and less vasoreactive venous system.” But 
still this is a subject of research and yet to be determined. 
Transplanted liver is capable of resisting antibody 


mediated rejection and capable of absorbing antibodies 
from the circulation. 

Clinical pattern of ABO incompatible grafts may 
representan important antibody mediated rejection. Even 
though the short term results in these grafts are 
satisfactory, long term results are poor particularly in 
adult patients. ABO-I LTX is more successful and better 
outcome in pediatric patients, particularly those who are 
younger than 3 years due to the lack of antibodies against 
ABO antigens. Several reports from Japan suggest that 
intra arterial infusion of methyl prednisolone; PG E; and 
Gabexate mesylate have reduced the biliary and vascular 
complications following ABO incompatibility. Kasahara 
et al. found that the overall 1 and 5 year graft survival 
was 85.7% and 84.1% respectively and 5 year survival 
in HLA 0, I, II and III mismatched groups were not 
significantly different.! 


ABO-INCOMPATIBLE LTX 


ABO blood group antigens and HLA antigens are the 

major hurdles in organ transplantation. They are 

distributed in most of the cells and antibodies directed 
against these antigens cause severe damage to the 
allograft, thus influencing the outcome of transplantation. 

Recipients, with antidonor HLA antibodies at the time 

of transplantation will suffer from hyperacute 

rejection.© Individuals develop natural antibodies 
against A and B structures that differ from their own. 

Different Blood types producing different antibodies 
shown below: 

* Blood type A and O have antibodies against B type 
antigen 

* Blood type B and O will have antibodies against A 
type antigen 

* Blood type O can have antibodies against both blood 
type A and B antigens as they display neither A nor 
B 

* Blood type AB can't produce antibodies against A or 
B antigens as they display both. 

* Patients with blood type A2 can't produce Anti A 
antibodies even though the expression of antigen is 
limited 
ABO-I LTX is performed in emergency when 

compatible donor organ is not available. The incidence 

and severity of hyperacute rejection in LTX is less than 
the other solid organ transplantation. Children «3 years 
with an immature immune system is more favorable for 

ABO-I LTX. Majority of the complications occur in the 

first year of transplantation. There is an increase in the 

incidence of rejection, avascular and biliary complications. 

UNOS and European transplant society suggested a 

restricted ABO matching policy to provide optimal 


balance for both urgent and elective patients from the 
allocation prospective. 

The graft versus host blood group reactions are often 
self limiting because the antibody producing plasma cells 
transplanted with the graft have a limited life span and 
are not replaced. Interestingly Anti ABO blood group 
antibodies may return to high levels without causing any 


damage to the graft, 


a phenomenon called 


accommodation. GVHD (Graft versus host disease) 
following LIX is rare but often fatal complications that 
result the engraftment of alloreactive donor 
T-lymphocytes carried in the graft. 

As the ABO blood group antigens, circulating 
antidonor HLA antibodies represent a risk to the graft. 
Unlike the natural ABO blood group antigen, anti HLA 
antibodies are produced as a result of direct immunization 
with allogenic HLA molecules. This commonly occurs in 
pregnancy, blood transfusion or previous transplantation. 
Early analysis of HLA matching in liver recipients failed 
to demonstrate any survival advantage among recipients 
of better HLA matched grafts. Poorer survival among 
those patients with who received a liver with no 
mismatches at any of the individual HLA-A, B or DR loci 
and more poorly HLA matched grafts were more likely 
to fail because of rejection. Better matched grafts suffer 
higher rate of graft loss due to primary nonfunction or 
other causes.5* Increased incidence of CMV infection is 
noted in patients matched for one or more HLA-DR 
antigens with their donors. 
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INTRODUCTION 


Expanding the donor pool is now the focus of every organ 
transplant center in the United States due to organ 
shortage. In recent years, modification of the criteria for 
donors to increase donor pool, like expanding the range 
of donor age and donation after cardiac death, along with 
use of living donors, split or partial grafts. Overall, long- 
term graft and patient survival appear to be similar 
following split-liver and living donor transplantation’? 
but the outcomes of cases in which livers from expanded 
criteria donors (ECD) were used are contradictory.°” Early 
graft function is essential in liver transplantation unlike 
the kidney and pancreas transplantation. 

Primary nonfunction (PNF) is defined as primary graft 
failure that resulted in death or retransplantation within 
30 days of the primary transplantation. Primary graft 
failure is one of the UNOS categories of graft failure that 
excludes other causes such as recurrent disease, graft 
versus host disease, rejection, and vascular thrombosis. 
UNOS definition of PNF restricts the duration to within 
7 days of transplanta-tion. Recent report from European 
Liver Transplant Registry restricted PNF to within 30 days 
of transplantation. Using UNOS data, Amin et al5 in a 
recent Markov analysis defined primary graft failure as 
a “non-functioning ‘graft within 1 month after receiving 
deceased liver transplantation.” Incidence of PNF among 
liver transplant recipients is 2-14%. Precise cause of PNF 
is not known. 

UNOS/OPTN database data (1990-2004) reports that 
the overall incidence of PNF in liver transplant recipients 
was 3.5%. European Liver Transplant Registry (ELTR) 
reports the incidence of PNF at 90 days post- 


transplantation was 676.5 It is well recognized that the 
overall graft and patient survival rates without 
retransplantation are extremely low. 

Graft survival time in recipients with PNF is defined as the 
time that elapsed from retransplantation to graft failure. 
Patient survival in recipients with PNF is defined as the time 
that elapsed from retransplantation to patient death. 
Primary liver transplantation (PLT) is defined as first liver 
transplantation and only considered when patient did not 
have a PNF event. PLT also was also referred to as those 
without PNF—‘no PNF’. 

Graft survival time in recipients with PLT was defined as 
the time that elapsed from transplantation to graft failure. 
Patient survival in recipients with PLT was defined as the 
time that elapsed from transplantation to patient death. 
Delayed graft function (DGF) is defined as impaired liver 
function responding to support therapy. 


Risk factors contributing to PNF*!° 
Donor factors 
* Marginal donor: Age > 50 years 
* Macrovesicular steatosis (>30%) in donor liver 
* Serum Na* level >160 m mol/L 
* CIT » 12 hours 
* Organ preservation method. 
* Donation after cardiac death (DCD) 
* Seropositive Hepatitis B and C. 
* Split livers 
Recipient factors 
* Poor medical condition 
* Presence of renal failure 
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PNF was the most frequent indication for retransplan- 
tation. Overall patient and graft survivals after 
retransplantation were inferior to those of primary liver 
transplant recipients. There was a decreased incidence 
of PNF since 2000.1213 Decrease in PNF rate, despite the 
overall increasing utilization of ECD (expanded criteria 
for donors) organs, may be due to the matching of donors 
to recipients with less severe liver disease (low MELD 
scores), as has been described in two recent reports.!*!5 


INITIAL POOR FUNCTION 

Initial poor function describes a marginally functioning 
graft that recovers adequate function only after few days 
to weeks after liver transplantation. Sometimes these 
grafts fail, and end up in retransplantation. In such 
circumstances, there is an increased risk of death from 
sepsis due to bacterial or fungal infections. The risk factors 
for initial poor function are similar to those for primary 
nonfunction. Graft with initial poor function has greater 
than the normal graft failure rate in first 3 months after 
OLT. 


ASSESSMENT OF GRAFT FUNCTION 


Hepatic allograft dysfunction is indicated like AST, ALT, 
albumin, PT and INR and cholestasis is indicated by 
measurement of Bilirubin, alkaline phosphatase and GGT. 
Recovery of cytochrome P-450 dependent microsomal 
enzyme activity starts immediately after reperfusion of 
the graft. By the end of 2nd week, allograft synthetic 
function and coagulation profile returns to normal. AST, 
alkaline phosphatase and GGT may remain mildly 
elevated for longer time. 
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Hepatic allograft rejection is divided into 

* Hyperacute (antibody mediated) rejection 
* Acute cellular rejection 

* Chronic (ductopenic) rejection 


ACUTE CELLULAR REJECTION 


Tn general, organ allograft rejection can be defined as, "an 
immunological reaction to the presence of a foreign tissue 
or organ, which has the potential to result in graft 
dysfunction and failure."! Acute rejection, defined by the 
Banff international consensus document on terminology 
for hepatic allograft rejection? as, "inflammation of the 
allograft, elicited by a genetic disparity between the donor 
and recipient, primarily affecting interlobular bile ducts 
and vascular endothelia, including portal veins and 
hepatic venules and occasionally the hepatic artery and 
its branches."? 

Acute cellular rejection (ACR) is the most common 
explanation for early allograft dysfunction after liver 
transplantation [median, 8 days; 48% by 6 weeks; 65% 
by 1 year. 5! The incidence of ACR in LDLT is reportedly 
36-63%, in 1st year after transplantation with a peak 
incidence in 7-10 days. Majority of these episodes occur 
in the 1st 2-3 months after transplantation. Incidence of 
chronic rejection is 2-3%,.+ The type of immuno- 
suppression used after transplantation greatly affects the 
likelihood of developing ACR.’* The incidence of both 
acute and chronic rejection (defined as graft failure due 
to chronic rejection) has declined over the last few 
decades, from 60-75% to 40-50% and 10-15% to around 
2%, respectively.?? Single episodes of acute rejection will 
not have any impairment of hepatic dysfunction, but 
recurrent episodes may leave some permanent damage 
in the allograft leading to chronic rejection. Previous 
studies suggest that there is a minimal impact of ACR 
on either mortality or late graft function.19-12 

ACR is divided into two subgroups: 

1. Early acute rejection: Rejection appearing in < 28 days 
after transplantation and is not associated with any 
adverse impact on patient and graft survival.1314 

2. Late acute rejection: Rejection appearing in > 28 days 
after transplantation and is due to under dosage of 
immunosuppression. It is associated with worse 
prognosis, with reports of nearly half of patients 
developing graft loss.'* 


PATHOGENESIS OF ACR 


ACR is primarily T-cell mediated response, where the 
targets of the response are the major and minor 
histocompatibility antigen (HLA) on cells. Factors 
influencing the cell-mediated immunity may also 
influence the incidence of rejection. Cell characterization 
studies have documented that the cells in the portal triads 
are primarily T-cells, with fewer macrophages and 
neutrophils. Bile duct epithelial cells appear to be a prime 
target of immune attack, and they are known to express 
large amounts of class II HLA antigen. Graft failure from 
ACR occurs primarily because of ischemic necrosis of the 
organ. The severity of ACR based primarily on the 
necroinflammatory activity and evidence of acute 
vascular compromise. A positive pretransplant 
complement dependent cytotoxicity cross match is 
associated with rejection episodes.'® A critical issue of 
rejection is related to the balance of T-helper 1 (Thi) and 
T-helper2 (Th;) lymphocytes in the discrimination of self- 
antigens and generation of anti-inflammatory T-cells for 
the maintenance of “self-tolerance.”"” Acute rejection is 
characterized by predominant intrahepatic Th, cell 
immune response and High level of activated CDs. 
T-cells are present in liver tissue.!* No significant 
difference is noticed in either naive or memory T-cells 
during acute rejection.!* 


ROLE OF C4d IN ACUTE REJECTION 


Theoretically, C4d is a product of the classic complement 
pathway. Its deposition means the occurrence of humoral 
rejection.? Recent studies in kidney transplants have 
shown that C4d deposition in the walls of renal interstitial 
capillaries of the transplanted kidney is a more specific 
immunohistochemical indication of rejection.??! In the 
past it was believed that the acute rejection was mainly 
cellular rejection.” Bu et al. suggested that C4d deposition 
in the vascular walls of portal area might be used to 
determine the presence of acute cellular rejection. 
Compared with acute rejection in a transplanted kidney, 
positive reactions of C4d deposition in the hepatic 
sinusoidal walls was weak but did existed in their study. 
In acute rejection, the sites of C4d deposition are mainly 
in the vascular walls of portal areas and hepatic 
sinusoids. C4d deposition is also observed in patients 
with Hepatitis B, indicating that hepatitis B is also 
associated with humoral immunity. However, in 


Hepatitis B patients, C4d deposition is found mainly in 
the vascular walls of the portal area with more cellular 
infiltration, no C4d deposition was detected in the hepatic 
sinusoids, 


Risk factors for ACR? 

* Young age of the recipient 
* Black patient 
Creatinine level « 2.0 mg/dL without dialysis 
* High AST levels 
* Cold ischemia time » 15 hours 
* Few HLA-DR matches 
* Donor age » 30 years 
* Transplantation indications 

- Autoimmune disease 

- Fulminant hepatic failure 

- Hepatitis C related cirrhosis 


Incidence of rejection is less in alcoholic liver disease 
than in PBC, which may be related to nutritional status 
of the patient, as alcoholics are often malnourished. Larger 
bleeding volumes experience rejections later and had 
significantly fewer steroid resistant rejections than 
patients with smaller bleeding, volumes due to temporary 
immunosuppressive effect of bleeding! Greater amount 
of blood transfusions were associated with decreased 
occurrence of early ACR.” Blood transfusions have been 
suggested to have immunomodulatory effects and to 
induce tolerance in LTX patients.'ó Development of 
microchimerism and anti-idiotypic antibodies was 
suggested to explain these immunomodulatory effects of 
blood transfusions. 

Tzimas et al. reported that implementation of 
leukoreduction (effectively reduce the leukocyte count of 
transfused products to less than 5.0 x 106 WBCs/U or 
to remove more than 99.99% of donor leukocytes) had 
a favorable effect to lowering the early ACR rate among 
adult liver transplant recipients.?^ Induction with 
Basiliximab, in combination with tacrolimus based 
immunosuppressive regimen, reduces the incidence of 
rejection and improves rejection-free survival rate after 
OLT, without increasing the incidence of CMV, PTLD, 
or HCV recurrence. 


SYMPTOMS AND SIGNS OF ACUTE 
CELLULAR REJECTION 


Usually symptoms and signs are nonspecific and none 
of them is diagnostic of rejection. Fever, malaise, 
weakness and abdominal pain are the common symptoms 
and hepatosplenomegaly may be seen on clinical 
examination. Few patients may present without signs and 
symptoms. High suspicion is required. If there is a T-tube, 


bile output may decrease or change from thick dark green 
color to thin light colored bile. 


DIAGNOSIS 


Sometimes itis very difficult to differentiate rejection from 
other causes like infection and biliary obstruction. USG 
will exclude biliary obstruction. Infection and rejection 
are difficult to differentiate. White cell count will misguide 
the diagnosis in presence of immunosuppression. 


Laboratory evaluation 

* Peripheral blood leukocytosis and occasional 
eosinophilia 

* Biochemical changes: elevated levels of AST, ALT, 
Alk. Ph. and GGT 

* Elevated bilirubin levels should be ruled out for biliary 
obstruction 

* Prolonged PT and an abnormal elevation of serum 
bilirubin also suggest the possibility of ACR, but 
frequently these parameters are normal if ACR is 
detected early. 


Doppler Ultrasonography (DUS) 


Klar et al (1999) studied that significant reduction of liver 
microperfusion during early acute rejection, as measured 
by thermodiffusion method. The disturbance of hepatic 
microcirculation preceded the increase of transaminases 
by 36 hours and the subsequent liver biopsy by 60 hours. 
The extent of microcirculatory impairment correlated 
with the degree of rejection. It facilitates early diagnosis 
and treatment of early rejection.” 

Bolognesi et al (2005) reported that measurement of 
portal blood velocity (PBV) and splenic pulsatility index 
(SPI) in diagnosis of clinically relevant acute rejection 
could represent an additional noninvasive test. ACR is 
suspected, when a marked unexpected decrease in PBV 
and an increase in SPI are found during the first weeks 
after liver transplantation. This finding on DUS will 
prompt the physician to perform a liver biopsy to confirm 
and treat early ACR. 


Liver Biopsy 

Liver biopsy is the gold standard for the diagnosis of ACR. 
Biopsy can be collected percutaneously or transjugular 
route or fine needle aspiration biopsy. It can also be used 
as a response to treatment with immunosuppression by 
identification of mononuclear cells. In a liver biopsy 
sample, examine at least two hematoxylin and eosin 
stained sections from at least two different levels, of a 
core needle biopsy containing at least five triads to 


confirm rejection. Bile cytology can be used to diagnose 
ACR, by the presence of high cell density within the bile 
sediment and polymorphonuclear leukocytes. 

Demirhan et al reported that patients with pericentral 
inflammation and marked portal eosinophilia during an 
initial episode of acute rejection might be more likely to 
develop subsequent episodes of ACR.* Sectioning is 
recently reported to be possible within a few hours using 
a rapid tissue processor.?! Immunostaining, including 
CD, and CD; using an automatized process, has become 
widespread, now being done in most pathology 
laboratories, thereby increasing reproducibility and 
objectivity. ACR on H and E sections of liver needle 
biopsies can be diagnosed pathologically on the same day 
even in formalin-fixed and paraffin-embedded tissues, 
and CDs analysis is possible the next day. ACR 
pathological diagnosis is based on H and E findings, 
according to the Banff schema.?! 


Histological hallmarks of acute cellular rejection 
(Snover's traid)?93? 
* Portal inflammation 
* Nonsuppurative obstructive cholangitis 
* Endotheliitis (attachment of inflammatory cells to the 
endothelial surface of portal or terminal hepatic veins) 


There are various systems of grading of hepatic 
allograft rejection such as Banff schema, European 
grading system and Birmingham system. (Mentioned in 
liver biopsy and histology chapter) A number of studies 
have shown the Banff schema to be useful in the diagnosis 
and staging of ACR?** The most accepted scoring 
system for rejection is the grading suggested by Banff 
schema of grading suggested by international consensus 
document. Although the Banff RAI score is a useful 
marker of the severity of rejection, neither the total RAI 
score nor any of the individual components correlated 
with response to steroids or graft survival. 


REACTIVATION OF HCV AND REJECTION 

In HCV positive recipients, it is critical to differentiate 
recurrent Hepatitis C from ACR. At times, the difference 
can be subtle, and a pathologist with experience in the 
interpretation of allograft biopsies is extremely valuable. 
Enhanced immunosuppression is associated with 
accelerated rates of HCV replication; it is, therefore, 
important that immunosuppression be kept to a 
minimum for HCV positive patients. It is well known that 
treated rejection episodes make grafts more susceptible 
to earlier recurrence of HCV post-OLT.*** Reactivation 
of HCV is almost universal after transplantation. Antiviral 
treatment (Interferon and Ribavarin) is required to 


prevent progression and recurrence of HCV infection. 
Histological recurrence develops at least in 50% of the 
transplants within the first year of transplantation. ACR 
and recurrent HCV infection can occur simultaneously 
in the graft and can be detected by liver biopsy. 


Criteria for diagnosis of HCV recurrence 
* Spotty necrosis 
* Lobular inflammation 
* Steatosis 
* Sinusoidal dilatation 
* Kupffer cell activation 


Histological features common in both HCV 
recurrence and ACR 
* Portal inflammation 
* Ductal damage 
* Apoptosis of hepatocytes 
Endothelitis, a sign of rejection may also be present in 
HCV recurrence. 


HCV RNA load is used to confirm the diagnosis of 
HCV recurrence, when the histological findings of liver 
allograft biopsy are confusing. HCV RNA levels are 
higher in HCV recurrence in comparison to rejection. 
Rejection in a HCV positive recipient results in increase 
in IL-4 and IL-10 gene expression rather than IL-2, 
Interferon and TNF seen in chronic HCV infection. 
Incidence and severity of HCV recurrence is related to 
use of increased dose of corticosteroids for 
immunosuppression or to control rejection. 


LATE ONSET OF ACUTE REJECTION (LAR) 
Recently, more rapid steroid withdrawal programs 
(within 2 weeks) were introduced.’ The shorter steroid 
regimen increases the possibility of late-onset acute 
rejection (LAR), which might result in graft loss and 
serious morbidity.’ Incidence of late onset of acute 
rejection is 7-23%). Neither HLA compatibility nor 
lymphocytotoxic crossmatch are associated with LAR. 
Episodes of early ACR are not related to LAR.” 


Risk factors for LAR*!+ 
* Cyclosporine A based immunosuppressive therapy 
* Lower recipient age 
* Subtherapeutic levels of calcineurin inhibitors 


TREATMENT 

Treatment of acute rejection with enhanced immunosup- 
pressive therapy is highly effective, and an episode of 
rejection does not affect long-term graft survival. Never 


treat rejection without any histological evidence. ACR, 
unresponsive to increased immunosuppression can 
progress to chronic rejection. About 10% of ACR progress 
to chronic rejection.” Confirmation of ACR is not always 
possible. So many times clinician starts treatment of 
rejection on clinical suspicion and liver biochemical data. 


High dose steroid pulse therapy is the first line 


treatment for ACR, which improves the liver function and 
prevent ACR recurrence.!> 


In mild rejection, increase of the tacrolimus dose when 
a low trough level is regarded as contributory to the 
ACR or changed to mycophenolate mofetil (MMF = 
30 mg/kg/d) where appropriate. Usually 
optimization of the serum tacrolimus level to 8-12 ng/ 
L is necessary. 

First episode of ACR: Methyl prednisolone, dose: 10 
mg/kg/day (or 500-1000 mg/day) iv for 3 days or 
Prednisolone, dose 200 mg orally for 3 days. Gradually 
taper prednisolone to 20 mg/day. 

Repeated episodes: Methylprednisolone, dose: 10 mg/ 
kg/day (or 500-1000 mg/day) intravenous for 3-5 days 
followed by steroid recycle therapy. 


Steroid Resistant Rejection 


28-35% of patients do not respond to high-dose steroid 
therapy and require further intervention with anti T-cell 
antibodies.647 


Rabbit antithymocyte globulins (ATG), Dose: 1.5 mg/ 
kg/day intravenous for 3-7 days. Closely monitor for 
side effects such as leucopenia and thrombocytopenia, 
consider dose reduction if these side effects appear. 
Murine monoclonal antibodies: OKT3 is rarely 
required. Dose: 5 mg/day, iv for 5-10 days. 
Disadvantage of this is that it drastically reduces the 
T-cell counts and increases the chances of infection.* 
Clinically significant infections may require antibiotic 
or antiviral therapy within 1 month of anti-IL-2r 
antibody administration. 

Anti-IL-2 receptor antibodies are effective and well 
tolerated in the treatment of moderate to severe steroid 
resistant rejection in patients with ACR without 
histologic evidence of chronic rejection. 
Basiliximab, dose: 20 mg per dose, with a repeat 
infusion 3 to 5 days later. 

Daclizumab, dose: 1 mg/kg intravenously, with repeat 
infusions 7 to 14 days later. 


RESPONSE TO TREATMENT OF ACR 


An episode of ACR is usually defined as responsive when 
2 out of 3 laboratory parameters [serum transaminases 
(AST and ALT), alkaline phosphatase, or bilirubin] fell 


to values less than twice the upper limits of normal within 
2 weeks of the start of the treatment or diagnosis. Routine 
diagnosis rejection is performed by liver biopsies but 
follow-up liver biopsies are usually not indicated to 
confirm histological resolution.*? 


REFERENCES 


Ld 


» 


E 


S 


x 


L 


» 


~ International Working Party. Terminology for hepatic allograft 


rejection. Hepatology 1995/22:648-54. 
International Panel. Banff schema for grading liver allograft 
rejection: An international consensus document. Hepatology 
1997;25:658-63. 

Wiesner RH, Demetris AJ, Belle SH, et al. Acute hepatic 
allograft rejection: Incidence, risk factors and impact on 
outcome. Hepatology 1998;28:638-45. 


. Minamiguchi S, Sakurai T, Fujita S, et al. Living related liver 


transplantation: histopathologic analysis of graft dysfunction 
in 304 patients. Hum Pathol 1999;30(12):1479-87. 

Chen CL, Fan ST, Lee SG, et al. Living-donor liver 
transplantation: 12 years of experience in Asia. Transplantation 
2003;15;75(3 Suppl)Sé-S11. 


. Sugawara Y, Makuuchi M, Kaneko J, et al. Living-donor liver 


transplantation in adults: Tokyo University experience. J 
Hepatobiliary Pancreat Surg 2003;10(1):1-4. 

Mirza DF, Gunson GB, Soonawalla Z, et al. Reduced acute 
rejection after liver transplantation with Neoral-based triple 
mmunosuppression. Lancet 1997;349:701-02. 


. Neuberger J. Incidence, timing, and risk factors for acute and 


chronic rejection. Liver Transpl Surg 1999;5:$30-6. 


. Gouv ASH, van den Heuvel MC, van den Berg AP, et al. 


Significance of parenchemymal changes of acute cellular 
rejection in predicting chronic liver graft rejection. 
Transplantation 2002,73:243-47. 


|. Dousset B, Conti F, Cherruau B, et al. J Hepatol 1998;29:660. 
. Demetris AJ, Belle SH, Seaberg EC, et al. Hepatology 


1998;28:638. 
Avoilio AV, Agnes S, Chirico ASA, et al. Transplant Proc 
1998;30:3962. 


. Berenguer M, Prieto M, Cordoba J, et al. Early development 


of chronic active hepatitis in recurrent hepatitis C after liver 
transplantation: Association with treatment of rejection. J 
Hepatol 1998;28:756. 


. Chaudry IH, Ayala A, Ertel W, et al. Hemorrhage and 


resuscitation: immunological aspects. Am J Physiol 
1990;259:R663. 

Anand A, Hubscher S, Gunson B, et al. Timing, significance 
and prognosis of late acute liver allograft rejection. 
Transplantation 1995;60:1098-103. 


. Bishara A, Brautbar C, Eid A, et al. Is presensitization relevant 


to liver transplantation outcome? Hum Immunol 2002;63:742. 


. Hori S, Kitagawa S, Iwata H. J Exp Med 1992;28:84. 
. O Cuomo, C Sbreglia, G Militerno, et al. T-Lymphocyte 


Kinetics in Acute Rejection After Orthotopic Liver 
Transplantation. Transplant Proceed 2001;33:3303. 

H Haga, H Egawa, Y Fujimoto, et al. Acute humoral rejection 
and C4d immunostaining in ABO blood type-incompatible 
liver transplantation. Liver transpl 2006;12:457-64. 

Regele H, Bohmig GA, Habicht A, et al. Capillary deposition 
of complement split product C4d in renal allografts is 
associated with basement membrane injury in peritubular and 


21. 


8 


23. 


24. 


26. 


27. 


3 


33. 


35. 


glomerular capillaries: A contribution of humoral immunity 
to chronic allograft rejection. J Am Soc Nephrol 2002;13:2371. 
Herzenberg AM, Gill JS, Djurdjev O, et al. C4d deposition 
in acute rejection: an independent long-term prognostic factor. 
J Am Soc Nephrol 2002;13:234. 

Mauiyyedi S, Pelle PD, Saidman S, et al. Chronic humoral 
rejection: Identification of antibody-mediated chronic renal 
allograft rejection by C4d deposits in peritubular capillaries. 
J Am Soc Nephrol 2001;12:574. 

X Bu, Z Zheng, Y Yu, et al. Significance of C4d deposition 
in the diagnosis of rejection after liver transplantation. 
Transplant Proceed 2006;38:1418-21. 

1H Matinlauri, MM Nurminen, KA Höckerstedt, et al. Changes 
in liver graft rejections over time. Transplant Proceed 38:2663- 
66. 


i. GN Tzimas, M Deschenes, JS Barkun, et al. Leukoreduction 


and acute rejection in liver transplantation: An interim 
analysis. Transplant Proceed 2004;36:1760-62. 

CB Ramirez, C Doria, F DiFrancesco, et al. Basiliximab 
Induction in adult liver transplant recipients with 93% 
rejection-free patient and graft survival at 24 months. 
Transplantation Proceed 2006;38:3633-35. 

E Klar, M Angelescu, C Zapletal, et al. Impairment of hepatic 
microcirculation as an early manifestation of acute rejection 
after clinical liver transplantation. Transplant Proceed 
1999;31:385-87. 


. M Bolognesi, D Sacerdoti, C Mescoli, et al. Acute liver rejection: 


Accuracy and predictive values of doppler US measurements 
—lnitial experience. Radiology 2005;235:651-58. 

Demetris AJ, Seaberg EC, Batts KP, et al. Reliability and 
predictive value of the National Institute of Diabetes and 
Digestive and Kidney Diseases Liver Transplantation 
Database nomenclature and grading system for cellular 
rejection of liver allografts. Hepatology 1995;21(2):408-16. 
Demetris AJ, Batts KP, Dhillon AP, et al. Banff schema for 
grading liver allograft rejection: An international consensus 
document. Hepatology 1997;25(3):658-63. 


. N Kubota, M Sugitani, S Takano, et al. Correlation between 


acute rejection severity and CD8-positive T-cells in living 
related liver transplantation. Transplant Immunology 
2006;16:60-64. 


. Ormonde DG, de Boer WB, Kierath A, et al. Banff schema 


for grading liver allograft rejection: utility in clinical practice. 
Liver Transpl Surg 1999;5:261-67. 

Blakolmer K, Jain A, Ruppert K, et al. Chronic liver allograft 
rejection in a population treated primarily with tacrolimus 
as baseline immunosuppression: long-term follow-up and 
evaluation of features for histopathological staging. 
Transplantation 2000;69:2330-36. 


. Demetris A, Rupert K, Dvorchik I, et al. Realtime monitoring 


of acute liverallograft rejection using the Banff schema. 
Transplantation 2002;9:1290-96. 

BS Ho'roldt, M Burattin, BK Gunson, et al. Does the banff 
rejection activity index predict outcome in patients with early 
acute cellular rejection following liver transplantation? Liver 
Transp! 2006;12:1144-51. 

Tisone G, Laria G, Orlando G, et al. Effect of steroid amount 
on hepatitis C recurrence following orthotopic liver 
transplantation. Transplant Proc 1999;31:3167. 


3 


39. 


5 
a 


5 


49. 


52. 


5" 


Pageaux GP, Calmus Y, Boillot O, et al. Steroid withdrawal 


at day 14 after liver transplantation: a double-blind, placebo- 
controlled study. Liver Transp] 2004;10:1454-60. 


. Boillot O, Mayer DA, Boudjema K, et al. Corticosteroid-free 


immunosuppression with tacrolimus following induction with 
daclizumab: a large randomized clinical study. Liver Transpl 
2005;11:61-67. 

Mazariegos GV, Reyes J, Marino IR, et al. Weaning of 
immunosuppression in liver transplant recipients. 
Transplantation 1997;63:243-49. 


). Ramji A, Yoshida EM, Bain VG, et al. Late acute rejection after 


liver transplantati 
Transpl 2002;8:945-51. 


he Western Canada experience, Liver 


. Anand AC, Hubscher SG, Gunson BK, et al. Significance, and 


prognosis of late acute liver allograft rejection. Transplantation 


- Yoshida EM, Shackleton CR, Erb SR, et al. Late acute rejection 


occurring in liver allograft recipients. Can J Gastroenterol 
1996;10:376-80. 


. Florman S, Schiano T, Kim L, et al. The incidence and signifi 


cance of late acute cellular rejection (>1000 days) after liver 
transplantation. Clin Transplant 2004;18:152-55. 

N Akamatsu, Y Sugawara, M Makuuchi, et al. Late-onset acute 
rejection after living donor liver transplantation. World J 
Gastroenterol 2006;12(41):6674-77. 


5. J Ziolkowski, L Paczek, M Niewczas, et al. Acute liver 


transplant rejection: Incidence and the role of high-doses 
steroids. Transplant Proceed 2003;35:2289-91. 

Conti F, Dousset B, Archambeau D, et al: Enhanced risk of 
steroid-resistant acute rejection following pretransplant steroid 
therapy in liver graft recipients. Transplantation 1995;60:1104. 


7. Andreu H, Rimola A, Bruguera M, et al: Acute cellular 


rejection in liver transplant recipients under cyclosporin 
immuno-suppression: predictive factors of response to 
antirejection therapy. Transplantation 202;74:1936. 


. DW. Orr, BC Portmann, ASKnisely, et al. Anti-interleukin 2 


receptor antibodies and mycophenolate mofetil for treatment 
of steroid-resistant rejection in adult liver transplantation. 
Transplant Proceed 2005;37:4373-79. 

Minamiguchi S, Sakurai T, Fujita S, et al. Living related liver 
transplantation: histopathologic analysis of graft dysfunction 
in 304 patients. Hum Pathol 1999;30(12):1479-87. 


. Chen CL, Fan ST, Lee SG, Living-donor liver transplantation: 


12 years of experience in Asia. Transplantation 2003;15;75(3 
Suppl):S6-S11. 

Sugawara Y, Makuuchi M, Kaneko J, et al. Living-donor liver 
transplantation in adults: Tokyo University experience. J 
Hepatobiliary Pancreat Surg 2003;10(1):1-4. 

Sheiner PA, Schwartz ME, Mor E, et al. Severe or multiple 
rejection episodes are associated with early recurrence of 
hepatitis C after orthotopic liver transplantation. Hepatology 
1995:21:30. 


. B Demirhan, B Bilezikci, M Haberal, et al. Hepatic 


Parenchymal Changes and Histologic Eosinophilia as 
Predictors of Subsequent Acute Liver Allograft Rejection. Liver 
Transpl 2008;14:214-19. 


. MT Killackey, GE Gondolesi, LU Liu, et al. Effect of ischemia- 


reperfusion on the incidence of acute cellular rejection and 
timing of histologic hepatitis C virus recurrence after liver 
transplantation. Transplant Proceed ;40:1504-10. 


SS 


CHRONIC REJECTION 


In liver transplantation, incidence of chronic rejection (CR) 
is less common that acute cellular rejection. Clinically, 
the pattern is one of gradual elevation of alkaline 
phosphatase and bilirubin, in the absence of obstruction 
of the large bile ducts. Incidence of CR has been declining 
from 15-20% to 2-3% as a consequence of effective 
immunosuppression and early detection.'?4 Chronic 
rejection currently occurs in less than 5% of adult liver 
transplants. 5634 The reported incidence of chronic 
rejection in pediatric series is between 4% and 896.5? It 
is one of the most frequent cause of graft loss after one 
year of transplantation. This is due to better recognition 
and control of ACR and early chronic rejection, as well 
as the use of better immunosuppressive drugs. 


Chronic rejection is characterized by? 
Progressive jaundice unresponsive to immunosup- 
pression 
* Histologically by the obliterative vasculopathy 
affecting large and medium-sized muscular arteries 
* Loss of small bile ducts. 

CR may occur as early as 2 to 5 weeks after 
transplantation, with a peak incidence of graft failure 
occurring at 3 months after transplantation and more than 
85% of cases occuring in the first within 6 months.101 
Previously used terms such as "ductopenic rejection" and 
"vanishing bile duct syndrome" are no longer used as 
loss of bile ducts is only one recognized aspect of chronic 
rejection.!° 

Most cases occur after an episode of ACR unresponsive 
to corticosteroids or Muromonab-CD3 (OKT3) or after 
repeated episodes of ACR with persistent elevation of 
AST and ALT levels and progressive rise in alkaline 
phosphatase and bilirubin levels.'? Some cases, often late 
cases (>1 year after LTX), evolve indolently without 
preceding clinically recognized episodes of ACR.°*? This 
type of chronic rejection is due to inadequate monitoring 
of the patient or poor compliance or an inadequate 
immunosuppression presenting as an asymptomatic 
increase in alkaline phosphatase levels followed by 
progressive elevation of bilirubin levels and clinical 
jaundice.!* A reduced probability of chronic rejection has 
been demonstrated when both donor and recipient were 
CMV-positive.!5 Langrehr et al. reported that IL-2 receptor 
antibody induction therapy increases the risk of chronic 
rejection after transplantation.!617 


Risk factors for development of CR!51415 
* Late onset of rejection 
* Repeated episodes of ACR 
* Poor compliance 
* Inadequate monitoring of immunosuppressive drugs 


Risk factors for CR in patients treated with 

cyclosporine!51922 

* Younger recipient age 

* Primary diagnosis of autoimmune hepatitis 

* Biliary disease 

* Baseline immunosuppression 

* Male-to-female gender mismatch 

* Nonwhite race 

Risk factors for CR in patients treated with tacrolimus.!* 

* Number and severity of ACR episodes 

* Donor age > 40 years 


PATHOPHYSIOLOGY 


The pathophysiologic mechanism of CR is not fully 
understood. Both humoral and cell mediated alloimmune 
mechanisms have an important role in CR. It is defined 
as a type of immunemediated allograft damage.!^ The 
pathognomonic vascular lesions seen in the rejected liver 
allograft are intimal aggregates, that is, homing of foamy 
macrophages results in luminal occlusion. The loss of 
small bile ducts is partly the result of lymphocyte-directed 
attack on biliary epithelium. Direct lymphocytic 
inflammation of allogenic endothelium in the liver 
allograft can cause endothelial damage leading to 
vasculopathy.??* Relative to other cells in the liver, biliary 
epithelium tends to express more class I antigen. Thus, 
biliary epithelial cells are vulnerable targets for host attack 
because of their antigenicity. Loss of bile ducts may also 
occur indirectly as the result of ischemia secondary to 
immunemediated obliteration of small to medium 
arteries. It has been thought that obliterative arteriopathy 
is related to the presentation of donor antigens on the 
arteries and is probably, a consequence of a response to 
endothelial injury. Thickening of intimal lesion seen 
in obliterative arteriopathy in liver allograft consists of 
the foamy macrophages and mesenchymal cells of 
recipient origin.?* 


DIAGNOSIS 


The diagnosis of chronic rejection can be difficult in 
needle-biopsy specimens, because a minimum of 20 portal 
tracts is necessary for a figure of 50% bile duct loss to 
be significant.!2 


HISTOLOGIC FEATURES 


Histologic features of chronic rejection on liver biopsy: 

* Bile duct loss: Progressive bile duct destruction that 
leads to a decrease in the number of interlobular and 
septal bile ducts, the process is irreversible (paucity 
or disappearance in at least 50% of portal tracts). 
Severe centrilobular cholestasis from bile duct loss and 
ischemic parenchymal necrosis. 


* Obliterative endarteritis in medium and large sized 
arterioles: Progressive intimal and subintimal 
inflammation of the 2nd and 3rd order hepatic arterial 
branches. 

* Ischemia of zone 3 hepatocytes and interlobular bile 
ducts. 

In the era of cyclosporine, management of chronic 
rejection often required retransplantation; however, with 
newer immunosuppressant medications such as 
tacrolimus, mycophenolate mofetil, and sirolimus, 
chronic rejection can be reversed, if identified and treated 
early before becoming severe, There is a close association 
between CMV infection and chronic rejection, but the 
role of CMV remains controversial. 


TREATMENT 


Tacrolimus 


Tacrolimus is more effective in treating chronic rejection 
in the early stage (mild-moderate cholestasis with 
bilirubin < 10 mg/dl and < 50% loss of bile ducts) and 
the patients on tacrolimus are less likely to develop 
chronic rejection than in cyclosporine. The benefits of 
tacrolimus conversion are maintained over the long term. 
Ina study of 51 pediatric patients with chronic rejection 
converted to tacrolimus, 8 years survival was 65.3%.* 


Sirolimus 


Sirolimus is also found to be effective in the treatment 
of chronic rejection.?? Nishida et al. reported that 50% (8/ 
16 cases) of biopsy proven chronic rejection responded 
to sirolimus without need for retransplantation.?? 


MMF 


MMF is also a potent and safe immunosuppressive agent 
for rescue therapy in patients with acute and ongoing 
chronic rejection after liver transplan-tation.*> 


Retransplantation 


It is the definitive treatment in established CR. After 
retransplantation for chronic rejection the chances of 
recurrent chronic rejection is high.?* Due to risk of 
infections, high dose of immunosuppression is avoided 
in patients, likely requiring retransplantation. 
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HYPERACUTE REJECTION 
Synonym: Antibody mediated rejection/ Humoral Rejection 


In Asian countries particularly Japan, where the deceased 
donor availability is limited ABO-incompatible LDLT has 
emerged as an elective option to meet the demand. 
Hyperacute rejection is rarely observed among ABO- 
compatible liver transplant patients, in contrast to kidney 
transplants.!? Liver is relatively resistant to injury from 
recipient antibodies, regardless of whether they are 


present at the time of transplant or develop later. This 
is very different compared with other solid organ 
transplants like renal and cardiac recipients who 
experience rapid graft destruction, termed hyperacute 
rejection, if performed in a patient who has complement 
fixing antibodies directed against the donor organ in 
significant concentrations at the time of transplantation. 

The mechanism of low antibody-mediated destruction 
in the liver than in the kidney is not clearly understood. 
One factor may be the vastly different microcirculation 
that the liver has compared with the kidney, with a 
preponderance of sinusoidal channels and a smaller 
capillary network. It is probable that antibody-mediated 
injury affects blood flow through the delicate capillary 
network of the kidney more than it does liver sinusoids. 
In addition, each hepatocyte is exposed to two sinusoidal 
channels, presumably permitting survival if only one 
sinusoid is occluded. Finally, differences in HLA antigen 
expression are known to exist in the two organs, with 
the kidney the more antigenic of the two. 

Hyperacute rejection is usually related to ABO- 
incompatible liver transplants, occuring in up to 60% of 
cases. It is the most serious form of rejection. Hence 
previously it was thought that the use of these grafts 
should be avoided except in small children less than 3 
years or in patients previously treated with splenectomy, 
cellular reduction therapy, or plasmapheresis. But recent 
use of plasma exchange, anti CD», antibodies, intravenous 
immunoglobulins, and intra arterial infusion of PG E1, 
Gabexate mesylate, and Corticosteroids has improved the 
survival rates in LDLT following ABO incompatible liver 
transplants. Hepatic graft injury from preexisting 
antidonor antibodies against ABO blood types in ABO- 
incompatible liver transplantation is much less than in 
renal transplantation. 


MECHANISM OF INJURY 


Hepatic lesions in hyperacute rejection are caused by 
preformed antibodies that are deposited in the hepatic 
sinusoids and vascular endothelium of the graft, 
activating the complement system and the procoagulant 
cascade with thrombosis and hemorrhagic necrosis of the 
allograft. 


PRE-TRANSPLANT CONDITIONING 


ABO incompatible transplant recipients are usually 
performed after conditioning the recipient to reduce the 
likelihood of early antibody mediated rejection. Goal of 
conditioning is to reduce the antidonor antibody titer to 
< 1:8 to 1:16 by various methods like plasma exchange, 
anti-CD antibody therapy, splenectomy or postopera- 
tive intra-arterial injections of Methylprednisolone, 


PG E1 and Gabexate mesylate. Despite of these 
preparations, there remains a higher risk of hyperacute 
rejection after ABO- incompatible liver transplantation. 
Mild to serious hemolytic reactions may develop in some 
patients because of antibodies produced by passenger 
lymphocytes in the graft against the recipient's blood 
group antigens. 

Descriptions of cases of hyperacute rejection among 
ABO-compatible liver transplants are dramatic, with loss 
ofthe graft within a few days with an estimated incidence 
of one to two cases in among 100 transplants performed 
by a transplant team in 1 year? The relationship among 
HLA matching and liver transplantation is controversial 
in the literature, while it is performed routinely for 
recipients of kidney and pancreas allografts. At present 
noattempt has been made to match donors and recipients 
of liver transplantation according to shared MHC 
antigens. 

Among ABO-compatible liver transplant patients, a 
positive lymphocyte cross match result has been 
described in 8 to 12% of cases, but only 30% show titers 
sufficiently high to cause hyperacute rejection. Therefore, 
the population of liver transplant patients susceptible to 
this complication is small. That is probably due the natural 
resistance of the liver to preformed antibodies, consequent 
to the phagocytosis of the antibodies by hepatic Kupffer 
cells, to the dual blood supply, and to the presence of 
class I histocompatibility complex antigens secreted by 
the donor liver, which neutralize these antibodies. 


ROLE OF C4d IN THE HUMORAL REJECTION 


Complement system plays an important role in humoral 
rejection. When humoral rejection occurs, the recipient 
produces specific antibodies against the graft, which 
recognize and bind to antigens in the vascular 
endothelium of the graft. Once antibody combines with 
antigen specifically, the classical complement pathway 
is activated and activated C4 protein is hydrolyzed into 
C4d. C4d binds to the endothelial cells of interstitial 
capillaries which may be detected by immunohisto- 
chemical staining. C4d deposition means the occurrence 
of humoral rejection.1?!! Therefore C4d may serve as a 
marker of humoral rejection.!° 

Due to the gravity of hyperacute rejection cases in 
ABO-compatible LTX and the possibility of resolution 
with early retransplantation, the diagnosis should be 
considered even in the absence of preformed anti-HLA 
antibodies when the diagnoses of hepatic artery 
thrombosis and primary graft dysfunction have been 
excluded by diagnostic tests.'* 


CLINICAL PRESENTATION 


Asthenia, fever, hypotension, oliguria, coagulopathy, 
fulminant hepatic failure and acidosis. Usually humoral 
rejection episodes appear in the 1st week of 
transplantation. 


DIAGNOSIS 


* Sudden rise of liver function tests 

Liver biopsy: Periportal edema, hemorrhage and 
necrosis are histological indicators of the early phase 
of severe humoral rejection resulting in massive 
parenchymal or biliary necrosis. Portal hemorrhagic 
edema without significant necroinflammation may 
represent a milder degree of humoral rejection.” 
Immunostaining of immunoglobulins or complements, 
including C4d: Immuno-histochemical detection of C4d 
has both diagnostic and prognostic value and could 
be a hallmark of antibody mediated rejection in liver 
biopsy.'? 

* Elevated antidonor antibody titer (IgG and IgM) 

(Measured by micro-hemagglutination assay)? 

* CT Scan: Hepatic necrosis demonstrated on CT Scan 
as diffusely spreading low-density lesions in the graft. 

* MRCP: Intrahepatic biliary complications such as 
irregularity and beading throughout the intrahepatic 
biliary tree. 

Decrease in graft survival rate is seen as ABO- 
incompatible transplants are usually performed in 
emergency circumstances where the patient is so critical 
that he or she may not survive till the compatible donor 
is available. Because preformed antibodies do not seem 
tobe clinically important, most transplantation programs 
do not perform prospective cross-matches between 
recipient serum and donor cells before transplantation 
and determination of recipient and donor HLA type is 
no longer considered mandatory. 


DIFFERENTIAL DIAGNOSIS 


* Primary nonfunction 
* Hepatic artery thrombosis 


TREATMENT 


* Antihumoral rejection therapy such as the arterial/ 
portal infusion of prostaglandin E1, methylpredni- 
solone, gabexate mesylate, use of anti-CD antibody 
(Rituximab), intravenous immunoglobulins and 
preoperative and/or plasma exchange. 

* Emergency retransplantation is required in most of the 
cases of hyperacute rejection and is the definitive 
treatment. 


SURVIVAL RESULTS 

Overall results of ABO-incompatible liver transplants are 
somewhat inferior to those of ABO-compatible 
transplantations. 10 to 20% decrease in 1-year graft 
survival rates as compared to ABO-compatible grafts. 
Significant decrease in longterm survival has discouraged 
many transplant programs like Tokyo and Juntendo 
universities to abandon ABO-incompatible transplanta- 
tion. However it has a place in emegency situation where 
there is no alternative compatible donor is available or 
in very young children less than 2 years, where the 
immune system is weak. 
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LYMPHOCYTE CROSS MATCH TEST - 


Thetargets of activated lymphocytes in ACR are bile duct 
epithelial cells and the endothelium of vein and artery 
within the liver. The portal infiltrates contain activated 
lymphoblastoid cells, both B and T-cells and plasma cells. 
These cells are thought to be the primary source of 
cytokines, which act to upregulate HLA expression, 
increase cytotoxic T-lymphocyte differentiation, and 
increase alloantibody production. This test is performed 
to detect antidonor lymphocytotoxic antibody? 


PROCEDURE 


Lymphocytotoxic cross-match is performed according to 
the standard National Institutes of Health (NIH) 
technique.* The recipient serum obtained immediately 
before LDLT was tested for cytotoxic antibody against 
donor T or B lymphocytes. Donor lymphocytes were 
isolated from peripheral blood, and 1 pL of the patient's 
serum is added for 30 minutes at room temperature. 
Rabbit complement (5uL) is added for 1 additional hour 
atroom temperature, and ethidium bromide and acridine 
orange are added to stain the cells. The cross-match test 
was interpreted as positive when more than 20% of the 
donor lymphocytes were killed by the recipient serum. 

Gordon, et al. reported that there is no difference in 
either graft survival or in the rate of retransplantation 
between cross-match—positive and cross-match— 
negative patients.? Other studies also suggest that 
antibody-mediated damage is not important in liver 
transplantation and that a successful outcome is possible 
despite a positive pretransplantation cross-match.$7 In 
contrast, Takaya, et al. showed that highly sensitized 
cross-match—positive grafts had a poor prognosis and 
function in tacrolimus-based immunosuppression.* Other 
reports indicated the higher incidence of vanishing bile 
duct syndrome’ or the severity of the acute rejection 
episodes*!? or adverse effect on patient or graft 
survival!11-4 in lymphocytotoxic cross-match—positive 
grafts. 

All the above studies are in DDLT. Studies regarding 
lymphocytotoxic cross-match in graft survival or acute 
rejection after LDLT are limited. The Pittsburgh group 
studied the influence of cross-match on survival and 
reported that early graft survival rates were lower in the 
positive cross-match group than in the negative group 
(65% vs. 72% at 1 year).5 Doran et al. reported that 1- 
year graft survival of a positive T lymphocytotoxic cross- 
match was only 51%, in contrast to 82% for that of negative 
cross-match.'* Sugawara et al. reported that a positive 
T-lymphocytotoxic cross-match is associated with a 
higher incidence of acute rejection that did not adversely 
affect patient survival. 
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INCIDENCE 
The incidence of biliary tract complication after orthotopic 
liver transplantation varies from 11 to 25%.!>13 These 
high rates may signify an inherently sensitive nature of 
the biliary epithelium to ischemic damage in comparison 
with hepatocytes and vascular endothelium. Biliary 
strictures and bile leaks are the most common biliary 
complications following liver transplantation, although 
a decreasing trend has been noted in recent years. The 
reported incidence of biliary strictures is 5-15% after 
deceased donor liver transplantation (DDLT) and 28-32% 
after right-lobe live donor liver transplantation (LDLT).5? 
The frequency of biliary complications is higher in 
LDLT than DDLT.67 Potential background of post- 
transplant biliary complications are technical, anatomical, 
ischemic, and immunological factors including arterial 
thrombosis, CMV infection, rejection and preservation 
injury. These complications not only affect graft survival 
but also have a major impact on the quality of life for 
a liver allograft recipient, as they entail frequent 
readmission, reoperation, hospital stays, and escalating 
costs and add to the emotional trauma that patients suffer. 
Majority of biliary complications are now amenable to 
endoscopic interventions and the role of surgery mainly 
confined to treatment failures as a second-line backup 
option. Right lobe has more anatomical variations in the 
vascular and biliary tract; this may be explained by the 
relative consistency between the left umbilical vein and 
the liver. Multiple biliary orifices are encountered in 26.0 


to 39.6% of the cases, which make the reconstruction in 
right lobe LDLT technically difficult,/?5 making more 
vulnerable to biliary complications. 


TECHNICAL ISSUES RELATED TO BILIARY 
COMPLICATIONS IN DDLT 


Duct-to-duct anastomosis is used in 80-90% of adult liver 
transplantations (Figures 26.1A and B).'°!7 Roux-en-Y 
Hepaticojejunostomy is used only under specific 
conditions, including gross disparity between the sizes 
of the ducts and diseased or unavailable ducts, and for 
revision surgery (Figure 26.1C).!5/* T-tubes were widely 
used in the past but recent studies failed to show any 
benefit due to the use of T-tubes, and at the same time, 
a higher incidence of complications (bacterial colonization 
of the biliary tract and bile leaks) and higher costs were 
noted in the T-tube group.°! 50% of complications were 
related to the biliary drainage: bile leakage close to the 
T-tube or after removal of the drain. It seems obvious 
that abandonment of the use of drainage eliminates the 
possibility of these complications.2*?7 

The use of an internal stent theoretically eliminates the 
possible complications related to T-tubes and at the same 
time offering the potential benefits of a splint, has not 
shown uniformly reproducible results. Both increased 
incidence and decreased incidence of complications have 
been reported with the use of internal stents in 
comparison with T-tubes.252 Their role of internal stents 
in biliary reconstruction is yet to be fully determined. 


D-D anastomosis—2 types (end-to-end and side-to-side with a T-Tube) 


Hepaticojejunostomy 
Figures 26.1A to C: Different types of biliary anastomosis (Reproduced from slides of Makuuchi M) 


Technical factors leading to biliary complications 
* Placement of too many sutures 
* Uneven distribution and tension of the sutures 
* Less number of sutures resulting in inadequate 

mucosal apposition leading to leaks. 

A recent report described the use of spatulation of the 
donor and recipient bile ducts and the use of continuous 
sutures as methods to increase the luminal diameter of 
the anastomosis and provide even distribution of the 
tension along the suture walls. The anastomotic stricture 
incidence rate was 2.5% versus 12.5% without 
spatulation.9? 


TECHNICAL ISSUES RELATED TO BILIARY 
COMPLICATIONS IN LDLT 


Growing experience in LDLT and improved surgical skills 
has resulting in duct-to-duct anastomosis favorable over 
Roux-en-Y anastomosis, and it has become the standard 
of care as it maintains the physiologic bilioenteric 
continuity?! In some cases there is discrepancy in the 
size of the ducts of allograft and recipient. Usually 
recipient's duct size is larger than the graft duct. It may 
be necessary to partially close the common hepatic duct, 
which should not be done exactly same size of the graft 
duct as it may narrow the antero-posterior diameter 
causing the CHD smaller than the desired size. 
Occasionally graft duct size is more than the recipient's 
duct size. In such cases if the confluence of the RHD and 
LHD if preserved, is opened to form a single duct opening 
which is larger than the individual ducts. 

Roux-en-Y Hepaticojejunostomy is preferred in 
patients with PSC, biliary atresia, secondary biliary 
cirrhosis and when the allograft contains 2 or more bile 
ducts that are far apart and not suitable for ductoplasty. 
In case of 2 ducts, reconstructing by Roux-en-Y 
anastomosis, the distance between the openings of the 
jejunum should be at least 3 times the distance between 
the hepatic ducts openings on the graft side, as the bowel 
contracts after openings are made in the jejunum which 
will cause difficulty in anastomosis. 

Obtaining a single healthy vascularised right duct and 
avoiding injury to the left hepatic duct is crucial step in 
LDLT.* It is always better to leave the donor stump as 
short as possible and the recipient stump as long as 
possible to maintain adequate blood supply on both ends. 
Too short a donor stump makes the anastomosis 
technically demanding, and maintaining a fine balance 
is critical. A single right duct is identified in only 50% 
of donors, and even in those cases in which a single duct 
is identified, it frequently subdivides into anterior and 


posterior parts fairly quickly; this leaves very little margin 
for error.** Careful preoperative planning and 
maintaining flexibility are the critical components of 
effective prevention. The value of preoperative MRCP and 
intraoperative cholangiogram in delineating the anatomy 
and identifying any aberrations is crucial. Repeating 
the cholangiogram after completion of parenchymal 
transection and immediately before the ductal transection 
guides the precise site and angle of the transection.” 
Further surgical techniques that have been hypothesized 
to reduce the incidence of biliary strictures include 
minimal dissection of the hilar plate to prevent 
devascularization of the right duct and perpendicular 
division of the right duct to prevent ischemia to the lateral 
edges of the duct. 

Presence of more than one duct in the allograft 
increases the complexity of biliary anastomosis and the 
leak rate, but the effects on the incidence of biliary 
strictures have not been conclusively demonstrated. In 
the absence of a sufficient length of the ducts or when 
the ducts are separated too much or placed at sharp 
angles, the use of ductoplasty (use of combined ducts for 
a single anastomosis) is an option with a possible risk 
of putting tension on the anastomosis and reducing the 
vascularity. Ductoplasty although increases the luminal 
diameter of the anastomosis, but has shown conflicting 
results as far as the leak rates are concerned 255 


SUTURES AND TECHNIQUES OF ANASTOMOSIS 


Use of synthetic monofilament nonabsorbable sutures 
(polypropylene) has recently become preferred because 
of their feasibility and supposedly less induction of the 
tissue reaction and less bacterial colonization, as 
compared to PDS sutures. There is every probability that 
in presence of corticosteroids, PDS sutures will not hold 
the tissue together for long duration leading to impaired 
would healing and leakage.*°*! Interrupted sutures have 
shown higher leak rates, whereas continuous sutures are 
associated with a higher stricture rate. Using the benefits 
of both, the technique includes the continuous posterior 
wall and interrupted anterior wall in biliary 
reconstruction with the use of 6-0 or 7-0 monofilament 
nonabsorbable suture and the distance between each 
suture is 1 mm.?? Biliary reconstruction is usually 
performed under 2.5 times loupe magnification. Use of 
microsurgical techniques in biliary reconstruction (ducts 
«2 mm) similar to hepatic arterial anastomosis has 
recently been discussed in literature and it has shown 
a reduction in the incidence of biliary strictures. 


Steps in the recipient hepatectomy to avoid biliary 

complications**2? 

* High hilar dissection using the intrahepatic Glissonian 
approach 

* Dissection between the bile duct and the hepatic artery 
is kept minimal to prevent the disruption of the ductal 
vascularity 

* Dissecting the artery and the duct as one unit, 

* Dividing the ducts at a point that is distal to 
bifurcation of CHD in order to preserve a long length 
of the vascularized recipient duct 

* Use of microsurgical techniques for smaller ducts 

* Use of ductoplasty, and flexibility in the performance 
of double ductal anastomosis 


Steps in live donor to harvest allograft with a 
vascularised bile duct:!”° 

* Judicious use of intraoperative cholangiogram 

* Minimal dissection of the hilar plate 

* Avoid skeletonisation of bile duct 

* Perpendicular transection of the duct 


COMPLICATIONS IN THE RECIPIENT 


In the absence of any attachments in transplanted liver 
recipients, the blood supply to the graft bile duct is 
derived solely from the hepatic artery. Preservation of 
periductal microcirculation in the recipient duct and 
excellent hepatic artery reconstruction might be a key 
factor for successful bile duct reconstruction. Common 
biliary complications are due to technical problems, 
ischemia or anatomic variations.'é 


Biliary complications 
* Anastomotic biliary leak 
* Biliary strictures 
- Anastomotic stricture 
- Nonanastomotic stricture 
* Bile leak from cut surface of graft or T-tube exit 
* Cholangitis after T-tube cholangiography or 
obstruction 
* Sludge and stone formation 
* Extrahepatic bile duct necrosis 
* Sphincter of oddi dysfunction 


There is a considerable disparity reported in literature 
regarding the incidence of biliary complications after 
LDLT, ranging from 24 to 60%.*74° Duct-to-duct 
anastomosis is currently the standard technique of choice 
for biliary reconstruction in right lobe LDLT.*?*! The 
benefits include preservation of the sphincter of Oddi, 
less frequent colonization of the biliary tract, less 


operative time, fewer anastomoses, and the availability 
of endoscopic treatment as a back-up option if strictures 
develop. 


Advantages of D-D anastomosis over Roux-en-Y 
choledochojejunostomy?^^! 

* Technically faster, less time consuming and less 
number of anastomoses. 

* It is more physiologic biliaryenteric continuity and 
sphincter of oddi function is preserved. 

* Intestinal handling is avoided, thus acting as an 
anatomical barrier to reflux of enteric contents into 
the biliary tract and this may theoretically decrease 
the risk of ascending cholangitis. 

* Provides an easy access for endoscopic treatment of 
postoperative biliary complications. 

* Morbidity is reduced when there is a biliary leak. 

* Early oral feeding and drug administration possible. 


PRESENTATION OF BILIARY COMPLICATIONS 


First sign of bile leak is increased bile content in 
abdominal drain or detection of bilioma on the cut surface 
of the graft by routine Doppler USG study for portal flow 
measurement. Stricture or obstruction or stones may 
present as pruritus, abdominal pain, fever and signs of 
cholangitis or biliary peritonitis.5?^* Cholestatic liver 
picture: elevated bilirubin, AST, ALT, alkaline 
phosphatase and increased WBC counts Liver biop: 
findings rarely suggestive of obstructive pathology 
Serum bilirubin »1.5 mg/dL is a better indirect marker 
of biliary stasis than alkaline phosphatase in LDLT as 
alkaline phosphatase is overly sensitive." 


Differential diagnosis 
Preservation/perfusion injury 
Graft injury due to ischemia 
Sepsis 
Rejection 
Reactivation of original disease such as 
Hepatitis due to HBV and HCV, Autoimmune etiology 


BILE LEAK 


It is one of the most common biliary complications. It is 
related to anastomotic complications resulting in focal or 
generalized biliary peritonitis depending on the amount 
of bile leak. A bilioma is a source of infection in the 
recipient and can compromise the healing of biliary 
anastomosis and can cause pseudoaneurysm of hepatic 
artery leading to dangerous complication like sepsis and 
rupture of pseudoaneurysm of HA. Sources of bile leak 


are from anastomotic site, T-tube exit site, aberrant bile 
duct and cut surface of the graft. 


BILIARY STRICTURES 


Biliary strictures can present at any time after the surgery, 
the mean interval at the time of presentation is 5-8 months 
after OLT* and the majority present within 1 year, but 
recent studies suggest that their prevalence continue to 
increase with the time after transplantation. 


Types of Biliary Strictures**.5^ 


Two types, anastomotic and nonanastomotic strictures, 
based on their inherent differences in their pathology, 
time of presentation, treatment, and response to treatment 
(as shown in the table below) 
1. Anastomotic strictures (AS). °° 
2. Nonanastomotic strictures (NAS)55^55 These are 
further classified into 2 subgroups based on etiology. 
* Hepatic artery thrombosis (HAT) leading to micro- 
angiopathy. 
* Non-HAT etiology, i.e. due to microangiopathy and 
immunogenicity. 


CLASSIFICATION OF BILIARY STRICTURE 


Type of stricture  Anastomotic Nonanastomotic 
stricture (AS) ‘stricture (NAS) 
Number Isolated and single Multiple 
Length Short Long 
Site of stricture Anastomotic site Intrahepatic duct and/or 
donor ducts proximal to 
anastomosis 
Incidence 4-9% 1-19% 
Graft loss Rare Often causes graft loss, 
if untreated 
Appearance after 5 to 8 months 3.3 to 5.9 months 
transplantation 
Etiology Bile leak HAT causing 
Poor vascularity, microangiopathy 


duct ischemia and Non HAT (Microangio- 
fibrosis due to pathy and immuno- 
poor technique genicity)* 


*NAS secondary to ischemia and microangiopathy, present within 
1 year after transplant, whereas the occurrence after 1 year is more 
often related to immunological cause. 


CAUSES OF MICROANGIOPATHY AND 


IMMUNOGENICITY 
Microangiopathy Immunogenicity 
HAT Chronic rejection, 


Preservation injury ABO incompatibility, 
Prolonged cold and warm ischemia time Autoimmune 


hepatitis, 
DCD donors Primary sclerosing 
Prolonged use of vasopressors cholangitis 
in the donor 


Risk factors for development of biliary 
strictures in DDLT and LDLT??5 

* Bile leaks 

* Hepatic artery thrombosis 

* ABO incompatibility 

* DCD donors 

* Marginal donors (old age): Degenerative age-related 
changes in the microcirculation of the biliary tract 
leading to more biliary complications 

* Preservation injury 

* Prolonged cold and warm ischemia time 

* Severe acute and chronic rejection 

* Technical factors leading to duct ischemia caused by 
poor vascularity and fibrosis 

* Small size of the duct («4 mm) 

* Multiple bile duct anastomoses 

* Viral and bacterial infections particularly CMV 
infection 

* Prolonged use of vasopressors in the donors 

* Primary sclerosing cholangitis. 


Kyoto group reported large series showing that the 
overall incidence of biliary complications was 24.0 and 
74.5% of these complications are managed by endoscopic 
treatment. Duct-to-duct choledocho-choledochostomy 
has a lower incidence of bile leak and a higher incidence 
of stricture3954 


Biliary complications in right lobe LDLT: 


Author Type of biliary Roux-en-Y Duct-to-duct 
complications anastomosis anastomosis 

Gondolesi et al. Bile leak 18.2% 16.3% 
Stricture 7.3% 31.7% 

Kasahara et al. Bile leak 12.4% 47% 
Stricture 8.3% 26.6% 

Fan et al. Bile leak 7.3% 5.5% 
Stricture 30.5% 20.1% 


Biliary complications in right lobe DDLT** 


Author Bile leak Stricture 
Davidson et al. 17.5% 13.5% 
Rabkin et al. 19% 12% 


Biliary complications are usually diagnosed clinically 
and radiologically. Biliary leakage is defined by bilirubin 
level in the bilious ascites higher than the serum level 
and stricture is diagnosed by dilated intrahepatic bile 
ducts with USG, hepatobiliary scan with Tc-99m Sn-N- 
pyridoxyl-5- methyltryptophan (99 mTc-PMT).5 


DIAGNOSIS OF BILIARY COMPLICATIONS 


USG (Figures 26.2A and B) is the first noninvasive 
modality to be used, when a biliary complication is 
suspected. Its sensitivity is 38-66% and its value is limited 
in treatment planning.5^?! A negative USG examination 
does not rule out the biliary complications in liver 
transplant recipients. CT scan is important in detecting 
biliary tract dilatation and presence of bilioma. It allows 
the evaluation of vascular supply and indirect evaluation 
of intra and extra hepatic biliary tree. Gadolinium 
enhanced MRI is very useful for diagnosis and treatment 
planning for biliary stricture with a sensitivity and 
specificity close to 90%.®>93 but the lack of therapeutic 
ability is the main disadvantage. Cholangio-graphy: It 
is considered by all to be the gold standard not only in 
establishing the diagnosis but also for therapeutic 
intervention.% T-Tube cholangiogram is obsolete in the 
present days as most of the transplant programs do not 
use T-tube. The role of MR cholangiography is the best 
option to study the biliary complications. 

Endoscopic retrograde cholangiography (ERC) and 
Percutaneous transhepatic cholangiography (PTC) have 
both diagnostic and therapeutic value, but with a higher 
operational risk. ERC is the first choice, as it is not only 
more physiological but also less invasive. But it can't be 
used in patients with Hepaticojejunostomy or 
choledochojejunostomy. Double balloon enteroscopic 
technique has been made it possible to reach this difficult 
area. The ERCP findings in NAS consist of mucosal 
abnormalities, narrowing, and prestenotic dilatation, 
whereas the findings in AS include narrowing at the 
anastomosis or bifurcation. PTC is invasive but very 
useful. ERCP failed cases and inpatients of proximal 
biliary strictures can be treated by PIC. 

Hepatobiliary scintigraphy of the biliary tree using 
99-technetium-labeled iminodiacetic acid identifies 
strictures with 75% sensitivity and 100% specificity? 
but the absence of any therapeutic benefit offsets its 
noninvasive advantage. Leak appears as trace activity 
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Figures 26.2A and B: Biliary stricture leading to proximal biliary 
dilatation shown in an USG examination after 3 weeks of LTX in 
a child with left lateral segment graft 


outside the biliary tree and stricture appears as failure 
of the tracer to pass down the distal biliary tree and 
duodenum. Its sensitivity sand specificity for diagnosis 
of biliary complications approaches to 100% overall, 93% 
for bile leak and 88% for biliary obstruction.” But in the 
present era of transplantation, its use has been replaced 
by ERC and PTC in most of the transplant centers. 


Liver biopsy: The importance of liver biopsy is to rule 
out other differential diagnosis like rejection or 
reactivation of original disease. 

Treatment of biliary complications is performed more 
frequently by nonoperative endoscopic approach rather 
than the operative approach. ERCP is a safe treatment 
modality, with a low risk of complications (2.4%) and an 
absence of mortality. Cholangiography was feasible in 
about 80% patients and, after access to the bile duct; 
treatment of the lesion was possible in 82% of cases. The 
overall success of ERCP, including those resulting in a 
normal cholangiogram, is 6475.55 Thuluvath et al. 


described a response rate of strictures to endoscopic 
management of 68755 Overall success of ERCP varies 
according in different studies (ranging between 50 and 
80%).!® Biliary enteric anastomosis is an alternative for 
patients with late biliary complications after HAT that 
were not solved by endoscopic or percutaneous treatment 
and that required an urgent intervention.!?? 


BILE LEAK 


The algorithm for the management of biliary leak in liver 
transplant recipients is shown in the Flow chart 26.1. 


BILIARY STRICTURE 


The goal of treating biliary strictures is to prevent 
complications of biliary-outflow obstruction, including 
jaundice, cholangitis, choledocholithiasis, postobstructive 
biliary cirrhosis, and liver failure requiring retransplan- 


eS 


tation. The treatment of plan of different biliary strictures 
in LDLT and DDLT is shown in the Flow chart 26.2. 
Previously, biliary strictures following OLT managed 
by surgical reconstruction in the form of Roux-en-Y 
Hepaticojejunostomy. But the endoscopic techniques are 
the first choice now a days.!? ERCP is the first choice 
for treatment of biliary complications before performing 
a surgical intervention.!? PTC has a success rate of 40- 
85%, is considered the second-line option because of the 
invasive nature of the procedure and the associated 
complications of hemorrhage, bile leaks and morbidity. 
Davidson et al! described that after surgical choledocho- 
jejunostomy, a 6% rate of perioperative deaths, 26% early 
complications, and 22% late complications. Prior 
nonsurgical intervention (ERCP or PTCD) did not 
adversely influence the outcome of subsequent surgical 
reconstruction, concluding to recommend surgery to treat 
biliary complications after OLT in patients in whom an 
endoscopic or percutaneous approach fails. 


‘Suspected bile leak in 
Liver transplant recipient 
| Don't remove the drain 


Look for intra-abdominal collection by USG/CT scan 


Bilious peritonitis 


USG/CT guided pigtail drainage Early surgery, peritoneal lavage, external drain — 


_No increase in amount 


100-200 milday for 2-3 days 
and c l 


Close observation 


ERC =è Dialte =ẹ Stent PTCD 


Roux-en-Y Surgical revision of anastomosis | 


Y 
Double balloon 
enteroscopy and stent 


Repeated failure of ERC, stent placement 


Flow chart 26.1 


ANASTOMOTIC BILIARY STRICTURE IN DDLT 


Potential risks of percutaneous treatment (PTC) 


Minor complications Major complications 


Biloma Sepsis 

Transient hemobilia Hemorrhage 

Puncture site hematoma Fistulas 

Drainage obstruction Subcapsular hematoma 

Dislocation abscess Peritonitis 
Pancreatitis 
Cholangitis 
Pseudoaneurysm 


Sepsis and hemorrhage represent the most important 
complications, and the reported rates are 2.5255 The 
recommended overall procedure threshold for all major 
complications is 10%. 


Anastomotic biliary stricture in DDLT (Figures 26.3 to 
26.10) constitutes one of the most common biliary 
complications and is a major cause of morbidity after 
DDLT.!?* Anastomotic strictures constitute as much as 
87% of biliary strictures and involve the choledocho- 
jejunostomy or the choledochocholedochostomy site in 
DDLT.'5 Aggressive endoscopic therapy with combined 
biliary dilation and maximal stent placement achieves 
successful resolution of anastomotic biliary strictures 
occurring after DDLT through a relatively short treatment 
course that achieves sustained success with minimal 
complications.!° During ERC, cannulation of the biliary 
tree with a guide wire and contrast in injected into the 
biliary tree to stricture under fluoroscopy and the stricture 


Biliary stricture in liver transplantation 


Anastomotic stricture 
j 


Duct-to-Duct anastomosis. Roux-en-Y anastomosis 


ERC ==> Dilate ==> Stent 


Dilate and stenting 


Failure 


| 


Repeat 
Repeat intervention, if required V 


Successful 
PTCD Double balloon 


enteroscopy 
/ Dialte and stent 


Success Failure 


Stent placement for 3-12 months „| Success Failure 
Replace stent every 8-12 weeks to 
avoid stent blockage and cholangitis 


Repeat 


l 


Under surveillance juccess 
| Repeat intervention, if required 

| J (repeated failure of endoscopic methods) 

| Surgical revision 

anastomosis (rarely required) 


Non-anastomotic stricture 


Intrahepatic Extrahepatic 


Symptomatic Asymptomatic ERC and Stent 


7 
Diffuse 
necrosis 


Multifocal 
bilateral 


| 


ERC/PTCD Repeated ERC/ 


Follow up 


No improvement Higher chances 
for >1 year of failure 
Rec. Cholangitis 
Poor graft function 
Poor quality of life 

Register for Te 
Retransplantation 


Failure 


Flow chart 26.2 


Early Complications of Liver Transplantation — 


Treatment course of biliary stricture in DDLT and LDLT (Endoscopic treatment) 
Anastomotic biliary strictures in DDLT 
(Figures 26.3 to 26.10: Course of treatment over 1 year period) 


Figure 26.3: Stricture Figure 26.4: Single stent (10 Fr.) Figure 26.5 


Figure 26.6: Dilatation of stricture Figure 26.7 Figure 26.8: Four stents 


Figure 26.9: Four plastic stents 


Figure 26.10: Five plastic stents 


Figures 26.3 to 26.10: Progressive increasing stent number to dilate the strictures every 3 months (5 stents) 
(Contributed and reproduced with permission of Nai-Jen Liu, CGMH, Taiwan) 


is dilated with a balloon and a plastic stent of size 8-10 
FG size is placed at the stricture site. Sometimes 2-4 stents 
are placed in a single stricture so as to allow maximum 
dilatation. The stents are progressively replaced by larger 
stents every 8-12 weeks to prevent the complication of 
obstruction, cholangitis, or stone formation. The treatment 
is usually completed in 6 months 1 year with an average 
of 3-4 stent exchange sessions.* It has been conclusively 
seen that the use of stents in addition to balloon dilatation 
achieves higher success rates and less recurrence in 
comparison with balloon dilatation alone.* Stent 
positioning seems to be the best and durable treatment 
of anastomotic biliary strictures, as demonstrated by 
Morelli et al. with long-term stricture resolution in 80% 
of patients.!? The overall success rate of ERCP treatment 
for AS is 70-100%, depending on the experience of the 
team. 

Poor results are seen in!11955 

* Delayed presentation post-transplant (>6 months) 

* Presence of tight strictures. 

Sharma et al recently used the Spyglass direct visuali- 
zation system as the guidance system for the passage of 
the guide wire through a tight stricture where 
conventional ERCP failed. The system, by providing 
direct visual access to the biliary tract for guidance, can 
be an important assisting device in this subset of patients. 
It helps in cannulating the tight strictures.” 


Risk factors for recurrence of biliary strictures.5! 
* Late initial presentation, presence of bile leaks 
* Use of T tubes 

Anastomotic strictures that are identified within 1 year 
show excellent responses to short-term stenting (3 to 6 
months), while late-appearing anastomotic strictures 
(after 12 months) require long-term stenting (12 to 24 
months). 

When AS are treated appropriately, the long-term 
results in terms of patient and graft survival are 
equivalent to those for matched controls without AS. The 
management for AS complicating a hepaticojejunostomy 
includes the use of PTCD with success rates of 50-75% 
or stent placement with the help of double balloon 
enteroscopy.!!0-112? Surgical revision is confined to 
endoscopic failures, and the long-term results are good, 
with no effect on patient or graft survival.!5114 


NON-ANASTOMOTIC STRICTURES IN DDLT'!5 


According to the site of obstruction, NAS in DDLT 
(Figure 26.11) can be divided into 2 groups: 
I. Intrahepatic? 

* Unifocal 

* Confluence type 

* Bilateral multifocal 

* Diffuse necrosis type. 


Figure 26.11: ERCP image showing a long non-anastomotic 
stricture extending proximally from the site of the anastomosis. 29 
(‘Reprinted with permission of John Wiley and Sons, Inc.") 


Early Complications of Liver Transplantation 


II. Extrahepatic 

NAS are difficult to treat and any generalized 
treatment recommendations are difficult to make. NAS 
secondary to early HAT usually require urgent 
revascularization or retransplantation. Late HAT, causing 
NAS can be treated by more aggressive endoscopic 
procedures and require long duration of treatment. 
Intrahepatic strictures not only are difficult to dilate but 
also respond poorly to endoscopic treatment. Success rate 
is 50-75%. 

Factors influencing the success of endoscopic 
procedures in NAS: 
* Severity of the stricture 
* Number of strictures 
* Location of the stricture 

Inadequate treatment of these strictures leads to 
development of frequent episodes of cholangitis, biliary 
cirrhosis or atrophy of the involved segment or lobe. 50% 
of the patients with NAS either die in need of a liver or 
require retransplantation secondary to graft loss.!!5 


ANASTOMOTIC BILIARY STRICTURES IN LDLT 
(FIGURES 26.12 TO 26.33) 


Endoscopic approach has the potential to be a first-line 
therapy for the management of biliary complications after 
LDLT.” however the role of endoscopic procedures in 
AS of LDLT is still under evaluation. 


Anastomotic biliary strictures in LDLT (right lobe) (Figures 26.12 to 26.23 course of treatment over 10 months period) 


Figure 26.12 


Figure 26.13 


Figure 26.14 


Figures 26.12 to 26.14: Angulated strictures in both right anterior and posterior branches. 
Special Haber catheter was used to negotiate both ducts 


Liver Transplantation 


Figure 26.15 Figure 26.16 Figure 26.17: Short arrow-ENBD catheter 
Long arrow-stent 


Figures 26.15 to 26.17: A 10 Fr. Stent was placed in right anterior IHD, 
a 6 Fr. ENBD catheter was placed in right posterior sectorial branch 


Figure 26.18: Balloon dilatation Figure 26.19: 2 plastic stents Figure 26.20 


Figures 26.18 to 26.20: Two 10 Fr. Stents were placed 4 weeks after first treatment 


Figure 26.21: 3 plastic stents 


Figure 26.22 


Figure 26.23 


Figures 26.18 to 26.23: Progressive increase in stent number to dilate the stricture every 3 months (4 stents). No waist demonstrated 
by balloon catheter at the end of treatment (10 months)] (Contributed and reproduced with permission of Nai-Jen Liu, CGMH, Taiwan) 


Problems leading to less success rate of endoscopic 
procedures in treating AS in LDLT: 

, Smaller size/tight stricture 

, Peripheral location 

, Multiple ductal anastomosis 

, Increased risk of devascularization and ischemia 


Very few published trials have evaluated the efficacy 
of endoscopic approaches in AS secondary to LDLT.117.11* 
Kyoto group has described crane neck deformity of AS 
in LDLT, in which the biliary anastomosis is located at 
apointthatis far below the highest portion of the recipient 
duct. The occurrence of this event is probably related to 
compensatory hypertrophy of the donor lobe, causing a 
sharp angulation of the bile duct and hence a difficult 
endoscopic approach. These strictures have been reported 
to be resistant to endoscopic treatment.!* Success rate 
for endoscopic procedures in AS in LDLT is 60-75% as 
compared to DDLT rate of 80-90%.117118 Commonest 
reason for failure of endoscopic treatment is the inability 
to cannulate the stricture. As in DDLT, the combination 
of balloon dilatation and stenting was more effective than 
either modality alone. Stent placement is difficult due to 
complex and peripheral anastomosis.!* 


Anastomotic biliary stricture in a right lobe LDLT, 
treated by PTC drainage for a failed ERC treatment 
(Figures 26.24 to 26.27). 

Anastomotic biliary stricture in a left lateral segment 
graft in a child (Figures 26.28 to 26.33). 


NON-ANASTOMOTIC BILIARY STRICTURES IN LDLT 
Results of endoscopic procedures are very disappointing 
in the treatment of NAS in LDLT. Average success rate 
ranges from 25 to 33%, which is way below the 60% 
success rate seen with NAS in DDLT.1!8 


Role of Liver Resection in Post-transplant Biliary Stricture 
Liver resection is primarily done as a graft saving 
procedure to treat biliary complications, particularly in 
isolated sectorial duct involvement and to avoid 
retransplantation. Early resection has high mortality rate 
as compared to the resection carried out later than 3 
months, 22 and 66% respectively.” 


Role of Retransplantation 


Retransplantation is considered when the graft function 
is detiorating in spite of repeated endoscopic maneuver, 


Figure 26.24: PTC catheter passed along the guide wire Figure 26.25: Dilatated intrahepatic biliary ducts (right lobe grafts) 


Figure 26.26 Figure 26.27 


Figures 26.26 and 26.27: PTC drainage catheter in the right posterior sectorial duct 
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Figure 26.28: ERC shows a stricture at the proximally tree Figure 26.30: Guide wire with catheter passed into the left 
after balloon dilatation hepatic duct 


Figure 26.29: Contrast enhancement proximal biliary Figure 26.31: Plastic stent being pushed upwards along the 
anastomosis. Contrast not passing stricture 


Figure 26.32 


Figure 26.33 


Figures 26.32 and 26.33: Placement of a plastic stent (B Fr.) across the 
stricture with dilated proximal biliary tract in left lateral segment 


poor quality of life and recurrent cholangitis. When 
retransplantation is considered, nutritional status of the 
patient in improved, low levels of immunosuppression 
is maintained and temporary palliative stenting 
procedures are carried out till the graft is available. 


Biliary Complication in Posterior Sector Grafts 


The first worldwide application of LDLT using a posterior 
sector graft (PSG) was reported by Sugawara et al.5 They 
concluded that posterior sector grafts are susceptible to 
more bile leakage as compared with other types of grafts. 
Tanaka et al. described that exact aetiology in not known, 
but probably the remaining part of segment 8 of allograft 
is the source of bile leak in the recipient.’ 


OTHER BILIARY COMPLICATIONS 
IN THE RECIPIENT 


SLUDGE AND STONE FORMATION 


Incidence of stones after liver transplantation is very less 
but when present causes significant morbidity. Sludge 
and stone formation is related to ischemia and bile duct 
necrosis. Bile stasis due to stricture is the predisposing 
primary cause. Total cholesterol > 200 mg/dL and 
triglyceride > 150 mg/dL as well as bile duct pathology 
confer a significant risk of clinically significant BDS post- 
transplantation.?! Ursodeoxycholic acid (UDCA), when 
taken at the standard dose of 300 mg twice daily, may 


be an effective therapy in this subgroup of patients and 
is recommended for up to 1 year post-transplant and 
possibly further if patients have persisting risk factors 
such as hyperlipidemia or biliary strictures. Treatment 
usually by endoscopic procedures like ERC, PTC guided 
removal and stenting or lithotripsy.!2! 


SPHINCTER OF ODDI DYSFUNCTION 


Diagnosis is difficult. Findings in the disorder are diffuse 
dilatation of recipient and donor bile ducts in the absence 
of any mechanical obstruction.? Pathogenesis may be 
explained in terms of devascularisation and denervation 
of papilla during donor hepatectomy. Delayed passage 
of contrast in a cholangiogram gives a clue to the 
diagnosis, Treatment is transpapillary stenting with or 
without sphincterotomy for 3-6 months will give better 
results. Surgical revision of anastomosis is rarely required. 


REDUNDANT BILE DUCT AFTER LTX 


If long length of bile duct is left during the biliary 
anastomosis, this will cause kinking and partial 
obstruction and signs of biliary obstruction and 
cholangitis. This complication occurs usually in duct-to- 
duct anastomosis. Every effort is made during the 
anastomosis that there is no extra length of bile duct left 
to avoid this complication. Treatment by ERC and stent 
placement for 2-3 months will resolve this problem by 
causing fibrosis and scar formation around the bile duct. 


EXTRAHEPATIC BILE DUCT NECROSIS 


Ischemia is the main cause for this complication. This is 
a rare but serious complication. When it occurs, there is 
every possibility of complete disruption of anastomosis 
leading to bilioma and sepsis. Surgical exploration is often 
required. If there is no infection, anastomosis in 
reconstructed by Roux-en-Y Hepaticojejunostomy. If 
there is severe infection, it is better to do an external 
drainage of bile for 2-3 months and once the infection 
is controlled, anastomosis can be reconstructed. 


BILIARY COMPLICATIONS IN DONORS 
BILE LEAK AND INJURY 


Bile leak and injury to the LHD or to the confluence are 
the common biliary complications in the donor. 


Bile Leak 
Sources of bile leak: 


Cut surface of remnant liver 
Caudate lobe branches 
Right hepatic duct stump 
Cystic duct stump 


Steps to prevent bile leak in the donor: 


Meticulous ligation of smaller braches of the 2nd and 
3rd order bile ducts and caudate lobe branches. 
Excessive use of argon plasma coagulation is avoided 
asitsloughs the necrotic parenchyma and causing bile 
leak. 

Careful closure of RHD stump with 6-0 prolene/PDS. 


Treatment 


Majority of minor bile leaks stop spontaneously over few 
days. If no drain is left, a small pigtail catheter can be 
inserted under USG guidance. In few cases postoperative 
recovery is uneventful but donor presents with a bilioma 
during the first CT scan at the end of one month after 
surgery. Such cases should be drained by CT/USG 
guided pigtail drainage. 


INJURY TO THE CONFLUENCE OF THE 
HEPATIC DUCTS 


Careful delineating of the biliary anatomy in the donor 


with preoperative MRCP and 


intraoperative 


cholangiography is the key to avoid such injuries. Caution 
is taken to avoid thermal injury to the confluence of the 
bile ducts. Line of transaction of the bile duct should be 
perpendicular and should be away from the confluence. 


If the i 


jury is detected intraoperatively it should be 


closed over a T-tube, if it is partial and if it is complete, 
Roux-en-Y Hepaticojejunostomy is preferred. 
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PORTAL VEIN COMPLICATIONS 


Under normal conditions portal vein flow (PVF) is higher 
than hepatic artery flow (HAF). In cirrhosis PVF is 
reduced. The hepatic artery buffer response (HABR) 
controls total blood perfusion in normal livers as well as 
in cirrhosis! HABR is an intrinsic autoregulatory 
mechanism that maintains hepatic oxygen delivery 
during splanchnic hypoperfusion [i.e. reduction in portal 
vein blood flow] through compensatory increases in 
hepatic artery blood flow.?^? The maintenance of HAF and 
the preserved HABR must be considered to be protective 
effects on overall hepatic circulation, counteracting 
impaired nutritive blood supply via portal vein (PV). This 
compensatory mechanism has been proposed to be 
mediated by adenosine washout.* Obstruction of the 
portal vein and outflow veins may also have deleterious 
consequences, including ascites, abdominal distention, 
liver enzyme elevation, and gastrointestinal bleeding.** 

It was assumed earlier that the existence of 
gastroesophaeal collaterals may be associated with PV 
thrombosis after OLT.! Patent gastroesophaeal collaterals 
with hepatofugal flow decrease portal perfusion pressure 
and hepatic blood flow to the transplanted graft. Such 
hemodynamic alterations could have adverse effects on 
the transplanted liver. This hemodynamic status is similar 
to the situation when OLT is attempted in a patient with 
a patent mesocaval or proximal splenorenal shunt. These 
shunts should be ligated during OLT to maintain 
adequate portal flow. Distal splenorenal shunts have been 
reported as well to decrease the total hepatic blood flow. 
Esquivel, et al.” reviewed their experience with liver 
transplantation in patients with patent distal splenorenal 
shunts and concluded that the patent shunt should be 
divided after OLT. To the contrary, Brems, et al. did not 
advocate division of these shunts during transplantation. 
Lyass et al. reported that in OLT in which significant 
gastroesophaeal collaterals are expected, the portal vein 
flow should be measured before and after coronary vein 
compression. When significant increase (30%) of portal 
vein flow is observed during coronary vein compression, 
the latter should be ligated.? Diagnosis of PV 
complications is by of clinical suspicion from abnormal 
liver biochemistry and confirmation by DUS, 3-Phase CT 
scan and MR angiography. 


PV STENOSIS 


Clinically significant portal vein stenosis is more common 
following pediatric LTX adult LTX, and this has been 


presumed to be due to a size discrepancy between 
recipient and donor portal vein.!?!! Reduction in PV 
diameter of greater than 40% at the site of the anastomosis 
without adverse clinical effect suggests that adults may 
have a greater capacity to tolerate the consequences of 
PV stenosis than pediatric patients.!? 


PV velocity decreases in the first week 
posttransplantation, despite the unchanging diameter of 
the portal vein. Portal blood flow has been shown to 
decline gradually for up to 2 years after LTX.!? Increased 
hepatic arterial flow velocity is noted in the first week 
may be due in part to the fall in portal flow during the 
same period, as the reciprocal regulation of portal and 
hepatic arterial flow is intact in transplanted livers.!4 
Preferred treatment option is by interventional 
radiological procedures and stenting of the stenotic PV. 


PV THROMBOSIS 


Portal vein thrombosis (PVT) following LTX is an 
uncommon complication but a serious complication after 
transplantation. This can occur early or late after the 
transplantation. In adults, the reported incidence of PVT 
is 1-2.726.156 and in children it is more than 10%.!7 Lerut 
et al. reported 43% mortality in patients with acute PVT 
after OLT.'5 Children are at high risk of vessel thrombosis 
when compared with adults. Advanced hepatic disease 
increases PV pressure, alters splanchnic circulation, and 
leads to development of collateral circulation. In children, 
more often than "true" thrombosis of the PV, it is more 
likely to find hepatofugal, absent, or poor PVF due to 
neoformation of spontaneous collaterals. This situation 
is especially relevant in infants with biliary atresia and 
hypoplasia of PV. 


Causes of poor portal flow in recipient 
* Anastomotic stenosis 
* Occluded or a partially removed thrombus in the 
recipient portal system 
* Steal phenomena due to native portosystemic 
communications 


Symptoms and Signs 

Symptoms and signs vary from minor to life-threatening 
fulminant liver failure. The most severe presentation may 
include variceal bleeding, intractable ascities, sepsis, 
acidosis and hypoglycemia, hepatic encephalopathy, and 
bowel infarction. 


Early PVT presents acutely as severe graft dysfunction, 
variceal bleeding, encephalopathy, sepsis, and 
hypoglycemia and, rarely, as bowel infarction requiring 
immediate intervention. This complication of OLT is 
associated with a high morbidity and mortality. 

Late PVT may be asymptomatic or present as graft 
dysfunction or with signs of portal hypertension. 


Factors predisposing to PVT after OLT!*7* 

* Presence of preoperative recipient portal vein 
thrombosis (incidence in cirrhosis patients: 0.5 to 21% 
and HCC with cirrhosis: 34.8% ) 

* Budd-Chiari syndrome (22.2%) 

* Post-necrotic cirrhosis (15.7%). 

* Chronic active hepatitis 

* Hypercoagulable states 

¢ Trauma from previous porta hepatis dissection 

Splenectomy 

* Technical problems 
— Vessel size mismatch 
- Misalignment 
- Clot formation from the portal venous bypass 

catheter 

* Rejection, 

* Decreased portal flow due to 
- Stenosis 
- Portosystemic shunts, either surgical or 

spontaneous 


Rethrombosis 


Incidence of rethrombosis varies from 21-33% in patients 
with previous preoperative PVT.2!22 


Treatment 


Treatment depends on the clinical presentation, condition 
of the patient and availability of technical resources. 
Presence of PVT makes surgery more difficult (reflected 
in the increased surgical time, RBC transfusion, and 
hospital and ICU stay), but that it does not affect post- 
operative mortality or survival. 


Treatment of early PVT162330 

* Surgical thrombectomy and reconstruction of the 
portal anastomosis 

* Percutaneous thrombolysis, balloon angioplasty and 
metallic stent placement 

* Spontaneous resolution is possible in instances of the 
late form, requiring only symptomatic treatment with 
the occurrence of portal rechanneling 

* Intrahepatic PVT: Successful treatment by 
mesentericocaval or splenorenal shunting or TIPS 

* Local thrombolysis 

* Retransplantation is the last option. 


Percutaneous Fragmentation and Stent Placement 


Percutaneous transhepatic angioplasty offers an option 
for treating PVT252/2*5? diminishing surgically related 
morbidity and the need for retransplantation even in cases 
of complete late PVT. The adoption of the technique of 
mechanical fragmentation results in rapid removal of the 
thrombus from the vessel while diminishing the dose of 
recombinant tissue plasminogen activator (rTPA) needed 
to lyse the clot and avoiding long-term fibrinolysis (24 
hours) with the related bleeding risks. The use of cylinders 
of collagen assures secure sealing of the percutaneous 
hepatic access, reducing the risk of peritoneal bleeding. 
Minimally invasive treatment like percutaneous 
mechanical fragmentation and thrombolytic therapy 
represent alternative treatments for late PVT that decrease 
surgery-related morbidity and the need for emergency 
retransplantation. 


Surgical treatment!516153135 

* Surgical thrombectomy with anastomosis to PV or 
SMV and splenic vein confluence. 

* Portal vein bypass grafting from the SMV 

* Portosystemic shunt or anastomosis to an accessible 
varix. 

* Cavoportal hemitransposition if there is extensive 
thrombosis of splanchnic circulation 

* Retransplantation is always an option if suitable donor 
is available 


Operative mortality of surgical procedures remains 
high (9.1 to 42%). Gomez, et al. reported the placement 
of endovascular stent in splenomesentericoportal veins 
and closure of competitive shunts via endovascular 
techniques after surgical thrombectomy. 


LATE PV ANEURYSM AFTER TRANSPLANTATION 


PV Aneurysms are rare lesions that may be associated 
with congenital vascular anomalies or portal 
hypertension. Despite the usual benign evolution, 
aneurysms may develop complications including rupture, 
portal-systemic shunts, recurrence of portal hypertension, 
thrombosis, or biliary compression. 

The etiology of a portal vein aneurysm is not totally 
clear. There are two theories: congenital and acquired.5? 
Congenital theory cites a weak vein as the main cause 
of aneurysm development; it is based on the presence 
of these aneurysms in children and young adults without 
portal hypertension. Acquired lesions are secondary 
to hepatic diseases, portal hypertension, trauma, or 
degenerative modifications. PV aneurysm can be 
classified as intra- or extra-hepatic. Most intrahepatic PV 
aneurysms occur at its bifurcations and extrahepatic 


aneurysms usually develop at the confluence between the 
SMV and splenic veins.5?57 

The clinical importance of a portal vein aneurysm is 
related to the size of the dilation. A small aneurysm 
usually does not show symptoms, while large ones have 
been described as the cause of duodenal compression, 
biliary tract obstruction, chronic portal hypertension, 
portal vein occlusion due to thrombosis, acute portal 
hypertension, rupture, pain, and abdominal discomfort.> 
The natural history of portal vein aneurysms is not totally 
clear, but the risk of complications seems to be small.553* 

Surgical treatment of a portal vein aneurysm depends 
on the size, symptoms, complications, and the patient 
clinical conditions.*+ Ozbec, et al. supported the 
conclusion that a portal vein aneurysm usually does not 
cause any problem over the ensuing years. An expectant 
role and regular follow-up are usually adopted. 
Intrahepatic portal vein aneurysms are associated with 
a probable-recurrence of portal hypertension after liver 
transplantation. Therapeutic interventional radiological 
procedures (endovascular stents or coil) may be 
necessary, if complications develop. Retransplantation 
might be an alternative. 


HEPATIC VEIN COMPLICATIONS 


Hepatic venous occlusion is a rare but fatal complication” 
following segmental liver transplantation. Most of the 
reported cases were due to hepatic vein stenosis which 
could be relieved by transhepatic balloon angioplasty.*! 
Hepatic vein stenosis, thrombosis, and IVC thrombosis 
are rare complications, occurring in 1-2% of liver 
transplant patients and usually resulting from vessel 
torsion or extrinsic compression.*24 Hepatic vein and IVC 
stenosis can lead to hepatic congestion and graft 
dysfunction.“ The incidence of hepatic venous outflow 
obstruction or thrombosis in caval preserving surgery is 
reported to be 2-10%.44454950 

The Kyoto group had reported five hepatic vein 
stenoses, detected by Doppler ultrasonography, after 
LDLT. They were successfully managed by percutaneous 
transhepatic balloon angioplasty. The stenosis could be 
successfully dilated by balloon angioplasty, but it would 
not work in hepatic vein thrombosis. If streptokinase and 
angioplasty fail to dissolve the thrombus, we suggest that 
open thrombectomy is an effective method to manage 
hepatic vein thrombosis after a piggyback liver transplant. 


Causes of hepatic venous outflow obstruction64750 

Early hepatic outflow obstruction: Mostly technical 

complication 

* Tight suture line causing anastomotic stenosis 

* Twisting of the HV anastomosis by displacement of 
the graft to right hepatic fossa 

* Caval compression from a large graft 

* Squeezing the liver in the abdomen despite closure 
of the skin 

Late hepatic outflow obstruction: 

* Neointimal fibrous hyperplasia 

* Fibrosis around the anastomotic site/suprahepatic 
anastomosis 

* Compression of the anastomosis from the 


hypertrophic graft 


Diagnosis*® 
* Abdominal pain, massive ascities, hypotension and 
abrupt elevation of AST and ALT. 
* DUS-Low velocity and monophasic wave form 
* 2-Phase CT Scan 
Because of the persistent ascites for a few weeks 
following transplantation in patients with chronic hepatic 
disorders, this complication can be missed, causing 
difficulty in the diagnosis of this venous complication.” 
Hence, hepatic vein stenosis and/or thrombosis should 
be taken into consideration in every transplanted patient 
with ascites and pleural effusion. 


Treatment 

* Percutaneous transfemoral thrombolytic therapy with 
urokinase or tissue plasminogen activator. 

* Balloon angioplasty and stenting. 

* Surgical thrombectomy is the last option. 


OCCLUSION / STENOSIS OF MHV GRAFT IN RIGHT 
LOBE LDLT (FIGURES 26.34 AND 26.35) 

Hepatic venous complications are not common following 
whole liver transplantation because direct anastomosis 
ofthe hepatic vein is usually not involved. In LDLT using 
right lobe hepatic venous congestion caused by depriva- 
tion of middle hepatic vein (MHV) drainage is usually 
tolerated if the graft volume is adequate. There has been 
much debate on the natural resolution of hepatic venous 
congestion and need for MHV reconstruction.5!-? But 
many studies reported the need for MHV reconstruction 
in order to prevent hepatic congestion.51555 


Figure 26.34: Hepatic venogram show kinking and narrowing of 
the V5 and V8 interposition vascular graft? (Reprinted with 
permission of John Wiley and Sons, Inc) 


Lee, et al.55 reported that 1 patient died of HV 
thrombosis and resultant ischemic necrosis of the right 
paramedian sector among the 5 patients who underwent 
right liver grafts without MHV reconstruction. 6-months 
graft and patient survival rates have markedly increased 
from around 70% to around 95% after the adoption of 
MHV reconstruction in the right-lobe graft and liberal use 
of large volume graft. MHV reconstruction is performed 
by connecting the segment V (V5) and/or segment VIII 
(V8) hepatic veins to the recipient’s MHV or LHV or IVC 
with the interposition vein graft. Interposition venous 
graft stenosis is common during follow up.* 


Diagnosis 


* DUS shows persistent monophasic wave pattern or 
slow Doppler flow < 10 cm/sec. DUS can reveal 
reversal of portal flow direction in patients with acute 
and severe venous congestion and can show the 
presence of a functional intrahepatic anastomosis 
between the hepatic vein tributaries during the follow- 
up period in those with improved congestion.“ 

* 2 phases-CT scan shows non-opacification of the 
vascular graft and their tributaries, with low- 
attenuation areas in the right paramedian sector.’ 

* Liver biopsy confirms the centrilobular hepatic 
congestion without evidence of rejection, compatible 
with outflow occlusion. Routine liver biopsy is not 
recommended. 


Figure 26.35: Complete resolution of low attenuation areas with 
good hepatic venous outflow after stent placement in V5 and V8 
(Reprinted with permission of John Wiley and Sons, Inc)5" 


Treatment 


Percutaneous balloon angioplasty or stent placement has 
been safely recommended in the early postoperative 
period as the initial treatment.?"5* Through right internal 
jugular vein approach, under US guidance, and a selective 
hepatic venogram is performed using a 5-Fr Cobra 
catheter to evaluate the abnormality of the vascular graft 
and anastomoses. A 0.035-inch angled hydrophilic guide 
wire is used to traverse the stenosis or occlusion. Balloon 
angioplasty alone is not effective in early postoperative 
period as there is possibility of kinking of external 
compression. Primary stent placement is preferred using 
self-expandable metallic stents. Wall stents can also be 
used. Stents were intentionally oversized by 
approximately 1-2 mm to minimize the risk of 
migration.” 


INFERIOR VENA CAVA THROMBOSIS 


Vascular complications involving the IVC are less 
common, but remain a serious problem in liver transplant 
recipients. IVC thrombosis is a potentially lethal 
complication." and occurs in less than 2% of cases post- 
OLT.*! They most often are recognized within the first 
month post-liver transplantation, but can occur later.5! 
They are usually related to technical problems associated 
with the vascular anasto-moses.5!/5! 

Factors contributed to the complete IVC obstruction 
and thrombos: 


Compression and torsion of this IVC anastomosis 
secondary to adhesions. 

Diminutive size of the third graft and the presence of 
a major discrepancy between the size of the IVC of 
the graft as compared to that of the recipient. 


Presentation of IVC Thrombosis 


Reduced urine output 
Abdominal wall edema 
Hepatic congestion 

Bilateral lower extremity edema 


Treatment Options 


Treatment options are:616346569 


* Thrombolysis with tPA, urokinase and heparin 
Balloon dilatation, angioplasty with or without stent 
placement 

Early reoperation with thrombectomy 
Retransplantation. 

Sotiropoulo, et al. reported a case of complete 


suprarenal thrombosis of the retrohepatic IVC in a live 
donor after a right hepatectomy which was managed by 
surgical thrombectomy and postoperative anticoagulant 
therapy.” 
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ARTERIAL COMPLICATIONS 


Arterial complications after orthotopic liver 
transplantation vary from 2 to 25%.' Various 
complications are hepatic artery thrombosis, stenosis, 
pseudo aneurysm and rupture. Hepatic artery thrombosis 
(HAT) is the most frequent vascular complication after 
OLT. It is associated with a high mortality and morbidity 
ranging up to 75%. In the early postoperative period, 
it has a mortality rate of 50%. The incidence of hepatic 
artery stenosis (HAS) ranging between 4.8 and 11?5.* 
Other studies reported incidence of HAT is 5% in adults 
and to 18% in children.5^ Abouljoud, et al. reported that 
an increased incidence of complications is seen when 
aberrant anomalies are present in the hepatic allograft” 
while Ferraz, et al5 found that the correlation is not 
statistically significant. 


HEPATIC ARTERY STENOSIS 


The incidence of hepatic artery stenoses (HAS) is as high 
as 11%,’ Initially, the stenosis causes uncomplicated and 
reversible biliary ischemia; however, it later causes 
irreversible biliary necrosis, which leads to allograft 
dysfunction. Therefore, early detection of hepatic artery 
stenoses and treatment are crucial for good graft survival. 
HAS is the result of inadequate surgical techniques, 
vascular trauma by clamps, graft rejection, microvascular 
lesions associated with preservation solutions,'? 
vasovasorum rupture, and recurrent hepatic disease. The 
clinical presentation usually includes graft dysfunction 
or biliary complications related to low blood flow. 
Treatment of HAS is by surgical reanastomosis and more 
recently interventional vascular procedures such as 
balloon angioplasty and stent placement are the treatment 
modalities available. Angiographic method shows lower 
morbidity than surgery, despite the fact that there are no 
studies showing long-term arterial patency.!°1? The 
angiographic method is useful for treating nonextensive 
stenoses, and intrahepatic stenosis that are not accessible 
through surgery. 


HEPATIC ARTERY THROMBOSIS 


During hepatic artery occlusion, the liver suffers global 
hypoxia, since almost 50% of oxygen delivery to the organ 
is maintained through this vessel. A progressive 
reduction in portal vein blood flow has been shown to 
occur after hepatic artery ligation in dogs, which can be 
associated with a further decrease in liver 
oxygenation. 1314 

HAT can be divided into two groups depending upon 
the time of onset of thrombosis: 


* Early HAT is defined as thrombosis occuring within 
one month of transplantation 

* Late HAT is defined as thrombosis occurring after 1 
month of transplantation. 


Early HAT 


It is more common in pediatric liver transplants due to 
smaller caliber donor/recipient arteries and greater 
postoperative fluctuations in coagulation factor 
concentration and hematocrit. 

The clinical presentation of a HAT varies from a low 
grade fever, mild elevation of liver enzyme and bilirubin 
levels, and right upper quadrant pain to fulminant hepatic 
necrosis. Acute presentation is usually associated with 
an early HAT. It is responsible for hepatic ischemia and 
necrosis, biliary leakage, stricture formation and potential 
graft loss resulting in need for retransplantation in the 
early postoperative period. An increased incidence of 
HAT is reported in the first 30 days after transplantation, 
by using a CMV seropositive donor allograft in a CMV 
seronegative recipient.!* 


Risk factors for early HAT!7!° 
* Technical problems related to: 
- Differences in size and quality of donor and 
recipient arterial vessels 
— Presence of arterial abnormalities that require 
complex reconstructions 
* ABO incompatibility 
* Prolonged cold ischemia time 


Late HAT 


It is usually rare. Even though it commonly occurs after 
1 month of transplantation, is usually diagnosed after 6 
months of transplantation." Prevalence of late HAT 
ranges from 2-20%.*! Clinical presentation of late HAT 
is obstructive jaundice with elevated AST and ALT, 
cholangitis and sepsis. The level of stricture is usually 
at the level of bifurcation of CHD (in DDLT) where the 
vascularity is least. It is associated with biliary 
complications and hepatic bilomas. 

Onset is more insidious clinical manifestations take 
long time to develop? and showing lower mortality rates 
than early HAT? However, late HAT may lead to graft 
dysfunction, consequently reducing transplant survival. 
The pathogenesis of late HAT appearing more frequently 
after severe rejections may be explained by the damage 
ofthe vascular endothelium by immunologic attack and / 
or to hemodynamic alterations in vascular resistance and 
flow of the capillary bed.212526 


Risk factors for late HAT?" 
* Cytomegalovirus infection. 
* Chronic HCV infection. 
* Accessory hepatic artery anastomosis. 
* Preservation injury. 
* Recurrent acute cellular rejection. 
* Donor and recipient age and atherosclerotic vessels. 
* Smoking. 


Diagnosis 
Protocol DUS examination of the recipient is used to 
detect unsuspected vascular complications in the early 
postoperative period, particularly HAT.? Low HA 
resistive index (« 0.6) and high systolic acceleration time 
are (> 10 m sec) predictors for vascular complications.** 
Microbubble contrast enhance US is superior to DUS and 
decreasing the need for angiography in most patients.?! 
Arteriography should be performed to confirm the 
diagnosis.?* Spiral CT angiography (CTA), especially 
three-dimensional CTA, is a new noninvasive method to 
detect HAT with a sensitivity of 100%, a specificity of 
89%, and an accuracy of 9595.5? Digital subtraction 
angiography (DSA) is the gold standard to diagnose 
hepatic artery complications. Kayahan, et al. suggested 
that MDCTA (multidetector computed tomographic 
angiography) is noninvasive imaging modality that 
accurately shows a variety of vascular complications after 
liver transplantation. If vascular complications are 
suspected in doppler ultrasound, the patients must 
undergo MDCT Angiography for diagnosis. If severe/ 
moderate stenosis is detected, the patient must undergo 
DSAJ* 


Treatment of Hepatic Arterial Complications 


Hepatic artery occlusion is a real emergency requiring 
endovascular or surgical intervention. 


Endovascular thrombolysis: 


Endovascular thrombolysis:*^* Different agents used 

for thrombolysis: 

* Low-molecular heparin (50 U/kg SQ) 

* Antithrombin III concentrates (500 IU QID IV) 

e Prostaglandin E1 (0.01 pg/kg/hour) and a protease 
inhibitor, i.e. gabexate mesilate: 1 mg/kg per hour 
for 2-3 weeks 

* Urokinase (1,50,000—4,00,000 IU in the first few hours). 
It is frequently followed by bleeding 

* Tissue plasminogen activator (tPA): Dose 1 to 3 mg 


Procedure: Continuous transcatheter hepatic arterial 
thrombolytic treatment is performed with a 4-French 


catheter after placement of a 0.014-inch guidewire in the 
distal hepatic artery. A "Y" connector is attached to the 
4 Fr. catheter while the 0.014-inch guidewire is placed. 
Urokinase 50,000 to 250,000 IU is injected through the 
catheter during the first 15 minutes. A second dose of 
urokinase (250,000-750,000 units) may be infused during 
the next 30 minutes if the thrombolysis is not satisfactory. 
Catheter is left inside and a continuous perfusion of 50,000 
to 100,000 units of urokinase per hour is administered 
during the next 12 to 24 hours. The catheter may be 
removed after 24 hours. Zhou, et al. left the intraarterial 
catheter for 2 to 3 days. During this time, they performed 
hepatic arteriography once in every 5 to 24 hours to 
monitor the effect of thrombolysis and to resume 
thrombolysis, if the thrombus reoccurred.? 


Surgical thrombectomy and arterial reconstruction is 
definitive treatment and should be performed 
immediately.*! Use of cryopreserved cadaveric iliac 
arterial or vein graft as interposition graft to the occluded 
artery is another option when surgical thrombectomy is 
attempted.?? 


Percutaneous transluminal angioplasty (PTA) and stenting 
of the hepatic arteries: Endovascular interventions are 
performed via right femoral artery access. A 6 Fr. vascular 
sheath is placed and after selective catheterization of the 
celiac trunk or the superior mesenteric artery, a 
microcatheter and a 0.016-inch guidewire are negotiated 
through the stenosis or the occlusion. Then, a 0.014-inch 
guidewire is placed in the hepatic artery. Then a 6 Fr. 
guiding catheter is advanced to the origin of the celiac 
trunk or the superior mesenteric artery. If the luminal 
diameter of the hepatic artery is decreased by >50%, a 
percutaneous transluminal angioplasty (PTA) is 
performed. Before PTA, heparin (100 units/Kg) is injected 
intravenously. The PTA is performed with a monorail 
balloon. Balloon size is selected according to the diameter 
of the hepatic artery, distal to the stenosis. If the hepatic 
artery remained stenotic after balloon dilatation (>20% 
stenosis) or if extravasation of contrast material occurred, 
then stents are placed. Intra-arterial thrombolysis is 
performed during the procedure. 


Mechanical fragmentation of the thrombus may be performed 
with a balloon catheter. Owing to the early occlusion of the 
hepatic arteries, repeat endovascular interventions is 
another option. 


Types of Stents 
* Wall stent 
e Graft covered stents. 
The main indications for using graft-covered stents are 
rupture of the hepatic artery during endovascular 


intervention and early postoperative intervention. 
Current discussion is regarding the best time for the 
earliest endovascular intervention after LTX. Kodama, et 
al. suggested 7 days; Ueno et al. suggested 3 weeks after 
LTX whereas Boyvat, et al. suggested it shoud be done 
within 7 days. With the graft-covered stents currently 
available, there is no time restriction after surgery for 
performing endovascular interventions as they can be 
placed safely and effectively in the early postoperative 
period. Ueno etal. reported 78% patient survival rate after 
primary stenting of the hepatic arteries, suggesting that 
stent placement in the hepatic arteries is well tolerated 
and effective. Uen, et al. showed 78% survival of patients 
treated with stents. Abbasoglu, et al.? described 80% 
survival with surgical treatment. Da Silva, et al. observed 
100% survival with angiographic procedures. There are 
few cases in the literature that show superiority of stents 
over angioplasty. The occurrence of restenosis is 
common (25%) after stent placement. 


Follow-up after stent placement: Routinely patients are on 
anticoagulation with salicylic acid (100 mg QD PO), 
dipyridamoles (75 mg QD PO) or clopidogrel bisulfate 
may be used. This was followed by DUS to monitor vessel 
patency every day until discharge. DUS is performed at 
1 week, 1 month, 3 months, and 6 months. Follow-up 
angiography is scheduled at 1 year after transplant. 
* Use of hyperbaric oxygen therapy improves ischemia: 
30 applications of HBO in a monoplace chamber 


Figure 26.36 


directly pressurized with oxygen. Each daily session 
lasted 2 hours, with a pressure of 2.5 ATM. Hyperbaric 
oxygenation may thus provide a means to obviate the 
effects of interruption of arterial blood flow by 
increasing portal blood oxygen content and possibly 
enhancing the development of hepatic artery 
collaterals. 

* Retransplantation is required in almost 50% of patients 
with HAT? 


Mycotic Pseudoaneurysm of Hepatic Artery after LTX 
(Figures 26.36 to 26.39) 


The most frequent etiology of visceral artery aneurysms 
is arteriosclerosis. The prevalence of visceral artery 
aneurysms in the general population is about 2%. 
Common cause is pancreatitis, endocarditis and 
cholecystitis. Aneurysms of the hepatic artery account for 
13 to 20% of all aneurysms of visceral arteries: 80% have 
an extrahepatic location. Of these, 14 to 40% finally 
rupture, causing hemorrhage, with a mortality rate of 
40%. 

A non-arteriosclerotic origin and the presence of 
multiple aneurysms are possible risk factors for rupture.5* 
The incidence of hepatic artery aneurysms after LTX is 
about 0.7%.55 Splenic artery is the other site for 
pesudoaneurysm. In LTX, clinical picture, etiology, 
treatment, and prognoses of aneurysms of visceral arteries 
are characteristically different. 


Figure 26.37 


Figures 26.36 and 26.37: Pseudoaneurysm of RHA following PTCD for biliary 
complication presented with hemobilia and massive upper GI bleeding. 


Figure 26.38 


Figure 26.39 


Figures 26.38 and 26.39: Angiography showing HA aneurysm occluded with coil embolization; 
additional coil embolization in GDA (HA: hepatic artery, GDA: gastroduodenal artery) 


Etiology is dissection or mycotic origin (E.coli, 
Pseudomonas or Enterobacterium). Various interven- 
tional procedures like vascular manipulation or PTCD 
or ERCP result in pseudoaneurysm formation. They have 
a tendency for bacterial contamination. Perforation of the 
biliary duct with stents has been reported.5* Thrombosis 
of the hepatic artery is the most frequent complication 
in these patients. Liver graft may be lost because of 
ischemia secondary to thrombosis of the aneurysm. 


Clinical presentation is usually cataclysmic. Patient may 
present with massive upper GI bleeding, hemoperi- 
toneum, hemobilia or bile duct fistula.7^* They may 
rupture into the portal vein producing a portal 
hypertension syndrome, though this is unusual. Mortality 
rate is usually around 33%.® Diagnosis is by Doppler 
ultrasonography, Angiography and CT and MR 
angiography, when this complication is suspected. 


Treatment: Stents or percutaneous thrombin injection® + 
may be the technique of choice if they are diagnosed early. 
In unstable patients, immediate resuscitation with plasma 
expanders, vasopressors and massive blood transfusion 
is life saving. Once the patient is hemodynamically 
stabilized, then definitive treatment by interventional 
radiological techniques (preferred choice) and 
embolisation of the aneurysm with coils or cyanoacrylate 
is performed.** Surgery is preferred in failure of 


interventional procedures. If surgery is required, the best 
option is aneurysmectomy with reanastomosis or 
revascularization with arterial/venous grafts. Treatment 
with endoscopic embucrilate injection into fistulas into 
the bile duct has been described.? Splenectomy was 
required in the patient with a mycotic pseudoaneurysm 
of the splenic artery. 
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ARTERIAL STEAL SYNDROME 


Arterial steal syndrome after orthotopic liver 
transplantation is characterized by arterial hypoperfusion 
of the graft that is caused by a shift in blood flow into 
other arteries that originate from the same trunk. 
Pathogenesis of the steal has not been identified; the 
development of the disorder after liver transplantation 
is becoming more common. 


Causes of post-transplant hepatic ischemia‘? 


* Acute thrombosis of the hepatic artery 
* Anastomotic stricture of the hepatic artery 
* Arterial steal syndrome. 


Splenic arterial steal syndrome (SASS) was first 


described in 1990, in which hepatic ischemia was caused 
by reduced perfusion or reduced blood flow through the 
hepatic artery rather than by obstruction.? Most cases of 
liver ischemia are caused by splenic artery steal 
syndrome, which has been reported in 3.2% to 4% of 
patients.>+ 


Common sites of steal>” 


* Splenic artery (most common): 3.2-4% of the liver 


transplants 


* Gastroduodenal artery steal syndrome 
* Left gastric artery 


Probable causes for steal syndrome^? 


* Stenosis of the graft artery 
* Rejection of the transplanted tissue 
* Flow pattern changes involving increased portal blood 


flow and decreased compensatory hepatic arterial 
blood flow. 


DIFFERENT MECHANISMS OF SASS 


If the hyperdynamic state does not improve 
immediately after LTX, reduced splenic arterial 
resistance and increased splenic arterial flow may 
divert celiac blood flow into the spleen. 

Swelling of the liver due to preservation injury causes 
increased intrahepatic arterial resistance and further 
diversion of blood flow away from the hepatic artery 
into the splenic artery. 

It may be more related to the progressive increase in 
splenic arterial flow caused by the presurgical 
hyperdynamic state, with or without the development 
of clinical hypersplenism. 

Late development of SASS might also be related to 
presurgical increased splenic arterial flow that is not 
clinically significant at the time of transplantation but 
is exacerbated by the rejection of the graft or by viral 
hepatitis. 

Onset of the SASS varies among patients. It may occur 


either within few hours after liver transplantation or as 
late as several weeks after transplantation. 


Presentation of SASS! 


* Elevated liver enzyme levels 
* Impaired graft function 

* Cholestasis 

* Hepatic arterial thrombosis 

* Multiple episodes of rejection. 


DIAGNOSIS 


Angiography 

* Hepatic artery is patent but characterized by sluggish 
flow 

* Delayed perfusion or filling of the Intrahepatic arterial 
branches by contrast material in comparison with the 
filling of other branches of the celiac trunk 

* Poor peripheral parenchymal perfusion (enhancement) 

* Early and abundant filling of the splenic or left gastric 
artery and increased size and flow of these vessels. 


3-D CT Scan 


Splenomegaly, marked enlargement of the splenic artery 
and narrowing of the CHA. 


DIFFERENTIAL DIAGNOSIS 


Graft rejection and Ischemia, related to preservation 
injury. 


TREATMENT?114 


* Splenectomy 

* Ligation of splenic artery 

* Coil embolization of the involved artery (splenic/ 
GDA/LGA) 

* Intraluminal stent placement 

* Banding, the use of the splenic artery for the 
reconstruction of hepatic arterial flow 

e Aortic implantation of the graft artery 
Intraoperative ligation of the splenic artery may also 

be performed to prevent SASS. Although a splenic hyper- 

dynamic state cannot be detected prior to transplantation 

surgery, intraoperative ligation of the splenic artery 

should be performed in cases of intraoperative portal 

pressure » 20 mm Hg, a small-for-size graft, or large 

splenomegaly.!5 In fact, elevated PVP (» 20 mm Hg) in 

the early postoperative phase is strongly associated with 

poor survival, attributable, at least in part, to small-for- 

size syndrome.!5 


FOLLOW-UP 


Increased flow in the hepatic artery after treatment of 
arterial steal syndrome can be confirmed by DUS or 
control angiography. MDCT Angiography can be used 
to follow the improvement of graft function among liver 
transplant patients after partial splenic embolization.* 
Normally, the SA is considered to be enlarged when it 
is above the normal value of 5.6 + 13 mm. An enlarged 
splenic artery (> 4 mm or 150% of hepatic artery) is one 
ofthe accepted signs of SASS; it can be reduced following 
partial SA embolization.'89 
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INTRODUCTION 


Infections in solid organ transplants contribute to a 
significant morbidity and mortality. In early transplant 
period, bacterial, viral and fungal infections are common. 
Early diagnosis and control of infection is an important 
to achieve successful outcome after LTX. Improvement 
in the treatment of post-transplant infections has been 
associated with decreased mortality rates.! 


CLASSIFICATION 
EARLY INFECTIONS 


These are the infections in the first 6 months after 
transplantation. These infections are mostly related to 
transplant surgery and wound related in the early post- 
transplant period, followed by bacterial, viral and fungal 
infections. 


LATE INFECTIOUS 


These are the infections occuring after 6 months of trans- 
plantation. Opportunistic infections are less common after 
6months of post-transplant period. Transplant patients are 
at risk for the same causes of infection as the general 
population. 


ABDOMINAL INFECTIONS 
WOUND RELATED INFECTIONS 


These are seen in 2% to 8% of cases.? Seroma, peri-graft 
fluid collections, and deep wound collections can lead 
to more chronic problems after transplantation.? 


BILOMAS 


These are infected fluid collection in the intrahepatic or 
perihepatic area due to biliary complications such as leak, 
stricture or necrosis. Incidence is approximately 10% and 
usually occur in the 1st year of transplantation? Bilomas 
present with fever, abdominal pain; bile stained drain 
fluid and increased TWBC, AST and ALT levels. Usually 
diagnosed by routine USG examination or contrast 
enhanced CT scan (seen as low attenuated area).!> 


Risk factors for biloma* 
* HAT 
* Hepatic artery stenosis 
* Roux-en-Y choledochojejunostomy 
* T-tube placement. 


Treatment 


Percutaneous drainage and insertion of a pigtail catheter 
is recommended. Drained fluid should be sent for culture 
and sensitivity. In noncommunicating bilomas, simple 
drainage is necessary. But in bilomas communicating 
directly with the biliary tract, PTBD should be performed. 
Antibiotics are continued for 1-2 weeks as per the culture 
and sensitivity report. Common organism in post- 
transplant biliomas are usually enterococci, staphylococci, 
and candida. In case of extrahepatic biliary strictures 
stent placement in required by ERCP. Patency of drainage 
catheters should be confirmed in every 2 to 4 weeks under 
fluoroscopic guidance. Factors that predict failure of 
medical therapy without retransplantation include HAT 
and the presence of enterococci or candida infection? 
Predictors of mortality include pre-LT renal disease and 
infection with either gram-negative bacilli or Candida 
species. 


PERITONITIS 


Peritonitis after liver transplantation is a serious 
complication and is associated with a risk of graft loss 
and mortality.> Majority (80%) these cases are due to 
wound infections or surgical complications such as intra- 
abdominal bleeding, biliary leak/stricture, or bowel 
perforation. Approximately two thirds of all episodes 
of peritonitis are associated with complications that are 
potentially amenable to surgical repair. 


Risk factors for peritonitis 
* MELD score 
* Previous abdominal surgery 
* Prolonged surgery 
* Roux-en-Y biliary anastomosis 
* Post-transplant renal replacement therapy 


Diagnosis of source of peritonitis is based on clinical 
findings supported by USG or contrast-enhanced CT scan. 
Treatment includes early surgical intervention and 
systemic broad spectrum antimicrobial therapy. 


PULMONARY INFECTIONS 


Pulmonary infections are common in early post transplant 
period. Incidence varies from 10-40%. Pleural effusion, 
atelactasis (RT > LT), pneumonia and ARDS are the 
various pulmonary complications after transplantation. 
Most common causes of pneumonia are staphylococcus, 


Different types of infection after LTX 


1st Month 2nd-6th Month » 6 Months 
Nosocomial infection Opportunistic infections Community 
Donor related Reactivation of latent acquired infections 
infections in recipient viral infections 


Bacterial etiology 


Gram +ve bacteria Pneumocystis carinii Listeria 
Gram -ve bacteria Nocardia Tuberculosis 
MRSA, VRE Listeria 
Clostridium difficile Tuberculosis 
Legionella infection 
Fungal etiology 
Candida Candida Cryptococcus 
Aspergillosis Endemic fungi 
Cryptococcus 
Endemic fungi 
Viral etiology 
HSV, HBV, HCV HBV, HCV, HSV CMV, EBV 
CMV, EBV, VZV HCV, HBV 


Influenza, Adeno virus 


Parasitic infections 


Strongyloides, Toxoplasma 


Papilloma virus 


Strongyloides 


Leishmania, Trypanosoma 


anerobic gram negative rods, pseudomonas and 
enterobacter group of organisms. Other causes like 
streptococcus, h. influenza and viruses should also be 
considered. Cavitary lung lesions are seen in 
mycobacterial infections and nodular lesions are seen in 
cryptococcus infection. 

Diagnosis is usually by chest X-ray and culture of 
sputum/bronchial secretions. Less percentage of cases 
requires CT scan, bronchoscopy and lung biopsy by video 
assisted thoracoscopic surgery for diagnosis.!?? Pleural 
effusions should be drained by pigtail catheters under 
USG guidance and aggressive lung expansion therapy 
along with proper antibiotic therapy; cough suppressants 
are useful in controlling lung infections. There is an 
increased suscep-tibility for pulmonary infections due to 
legionella pneumonia and fungi.®? Rapidly progressing 
lung infiltrations on chest x ray while the patient is on 
antibiotic therapy, gives a clue to exclude the possibility 
of fungal pneumonias particularly aspergillus. 


CNS INFECTIONS 

Early CNS manifestations after LTX are due to vascular 
origin. Other CNS manifestations are acute or chronic 
meningitis, encephalitis and brain abscess. Acute 
meningitis caused by Listeria or viral aetiology and 
chronic meningitis is caused by mycobacterium or fungus 


like cryptococcus.!* Brain abscess in post transplant 
period are mostly fungal origin and carry high mortality. 
They present with fever, headache, convulsions, and focal 
neurological deficits. Bacterial /fungal culture from blood, 
CSF and CT scan will give clues to the diagnosis. 
Treatment is according to the etiological organism and 
sensitivity to the antibiotics. 


BACTERIAL INFECTIONS 


Bacterial infections are the most common infections after 
LTX and are associated with significant morbidity and 
mortality. Most of the infections within the first month 
of transplant are nosocomial bacterial infections like 
surgery or catheter-related, blood borne infections, 
pneumonia, UTI, and colitis due to clostridium difficile. 
Sepsis is a frequent complication of intra-abdominal 
infections in liver transplant recipients due to 
immunosuppression. Early recognition and effective 
antimicrobial therapy is important. Treatment is greatly 
limited due to emergence of multidrug-resistant 
pathogens and immunosuppression. 

Preoperative prophylactic antibiotics are started 24 
hours before transplant and should target the 
gastrointestinal flora as well as staphylococcus aureus. 
In post-transplant period initially broad spectrum group 
of antibiotics including, ampicillin, cephalosporins and 


aminoglycosides are used. Aminoglycosides should be 
used with caution in case of renal compromise in the 
recipient. If any evidence of infection is noticed, 
appropriate antibiotics are started as per the culture and 
sensitivity reports. Co-trimaxozole, used for prophylaxis 
of Pneumocystis carinii pneumonia may prevent bacterial 
(and parasitic) pathogens including Nocardia, 
Streptococcus pneumoniae, Legionella, community- 
acquired methicillin-resistant S aureus, gram-negative 
infections (eg, susceptible E coli, Klebsiella, and 
Salmonella), Listeria, Toxoplasma, Isospora, and 
Cyclospora. The emergence of resistant strains like MRSA 
(methicillin-resistant staphylococcus aureus), VRE 
(vancomycin-resistant enterococci), extended-spectrum 
B-lactamase-producing E. coli and Klebsiella pneumoniae 
can cause serious complications and mortality. Antibiotics 
like vancomycin, salbactam, imipenem, cilastin are 
reserved as 2nd line antibiotics to be used in post- 
transplant period in case of resistant strains.* 


MYCOBACTERIUM TUBERCULOSIS 


Tuberculosis (TB) is a severe opportunistic infection with 
a high risk of mortality in solid organ transplant patients. 
Thereported incidence varies in different areas from 0.35- 
1595 The prevalence of TB after solid organ 
transplantation is significantly greater in developing 
countries (up to 15%) than in developed countries (1.2- 
6.4%) but the mortality rate is high, ranging from 25 to 
40%.940 Prevalence of post-transplantation TB varies from 
1-15% depending on the endemic area. It is a common 
problem in developing countries like India. The 
immunosuppressive status after transplantation makes 
the patient more prone to opportunistic TB infection or 
reactivation of mycobacterium tuberculosis. 

The reported prevalence of TB in liver transplant 
recipients is 0.7-2.5% and in renal transplants the rate is 
0.5-15%.!° TB most frequently developed within the first 
year after solid organ transplantation.!! The diagnosis of 
TB among immunosuppressed patients is more 
complicated than in normal people. 

Modes of transmission: Reactivation, nosocomial 
acquisition and from infected donor. Recently, Sabbatani 
et al. reported severe reactivation of pulmonary 
tuberculosis in a patient with chronic hepatitis C during 
treatment with Pegylated interferon and Ribavirin. The 
risk for TB reactivation due to antiviral treatment of 
hepatitis C is an important issue, not just in anecdotal 
cases such as ours, but also considering the large number 
of patients with recurrent HCV after OLT who undergo 
antiviral therapy, especially those with latent tubercular 
infection. Antiviral treatment with Interferon and 


Ribavirin seems to be safe in recurrent HCV chronic liver 
disease and recently treated active TB following OLT.4 


Problems Related to Tuberculosis in 

Solid Organ Transplants 

* Atypical presentation and coexisting infections make 
the diagnosis of TB difficult. 

* Hepatotoxicity of antitubercular drugs and their 
interactions with immunosuppressive agents render 
TB treatment a great challenge after transplantation. 


Presentation 


All post-transplantation patients with pyrexia of 
unknown origin should be investigated aggressively to 
exclude TB infection, especially among those with a 
history of TB infection. Fever, leukocytosis, weight loss, 
poor appetite and lymphadenopathy are frequent 
symptoms in the early stage of infection. 


Diagnosis 

* Chest X-ray 

* Microbiologic culture of mycobacterium tuberculosis 
(100% specificity), but sensitivity is low in pleural fluid 
(17%). 

e Acid-fast bacilli in caseating granuloma on histological 
material from biopsy sample. Z-N staining is a rapid 
technique but its specificity and sensitivity are 79% 
and 6-20%. 

* TB PCR for TB-DNA detection is very useful and 
efficient. PCR assay seems to be the fastest, most 
sensitive method for identifying mycobacterium 
infection in pleural fluid. Its sensitivity reportedly 
ranges from 50 to 81%, while its specificity ranges from 
61 to 100%.1516 

* Routine purified protein derivative (PPD) test has low 
significance in patients on immunosuppression and 
regular vaccination with Bacillus Calmette-Guerin in 
childhood. A negative PPD test in an immunocompro- 
mized patient does not exclude TB infection. 

* QuantiFERON-TB Gold (QFT Gold) is an enzyme 
linked immunosorbent assay that effectively evaluates 
the interferon gamma response to mycobacterium 
tuberculosis-specific antigens early secreted antigenic 
target-6 (ESAT-6) and culture filtrate protein-10 (CFP- 
10). The test has recently become commercially 
available. Test is considered positive if the 
concentration of interferon gamma in the sample, after 
stimulation with ESAT-6 and CFP-10, is greater than 
or equal to 0.35 IU/ml.!7 

* T-SPOT TB, interferon gamma—based method, has 
recently become commercially available. This test 


measures interferon gamma produced by tubercular- 
specific T-Iymphocytes using an in vitro enzyme- 
linked immunospot assay that has been shown to have 
good sensitivity in patients with active tuberculosis. 
Even low numbers of interferon gamma-releasing 
T-cells can be detected after stimulation with MTB 
antigens ESAT-6 and CFP-10.!* 


Treatment 


Early diagnosis and treatment is very important. There 
are still no consensus on how many and which drugs 
should be used or for how long duration. Standard 
treatment protocols for post-transplantation TB vary 
widely in different centers, depending on the patient's 
general condition, as well as the hepatic and renal 
function. 

Isoniazid (5 to 10 mg/kg/day, maximum of 300 mg), 
rifampicin (10 mg/kg), ethambutol (15 mg/kg) / 
pyrazinamide (15 to 30 mg/kg/day, maximum of 2 
grams) for 6 to 14 months. Fluoroquinolones (Ofloxacin, 
400 mg/day) which are being more and more broadly 
used, have proven effective and safe to treat 
posttransplantation TB, especially in liver transplant 
recipients.!!19 Prophylactic pyridoxine administration (10 
to 50 mg/day) should probably be given routinely in 
individuals predisposed to develop peripheral 
neuropathies secondary to isoniazid therapy. A high 
degree of hepatotoxicity (41-80%) of anti-TB drugs, mainly 
isoniazid, has been reported. Anti-TB treatment requires 
close follow-up to adjust the immunosuppressive drugs 
to avoid rejection which has been reported among 35% 
of cases.820 

Triple drug antituberculosis protocol for at least 1 year 
is reported by earlier author.?! Shorter duration for 6 to 
9 months has also proven equally effective as reported 
by another study.? One study reported that 
fluoroquinolones should have first-line status in post- 
transplantation TB treatment. Zhang, et al. reported the 
use of isoniazid, rifampicin, ethambutol, and ofloxacin 
for 3 months followed by isoniazid and rifabutin for 6 
months.” Fluoroquinolones (ofloxacin, ciprofloxacin, 
levofloxacin, sparfloxacin) are commonly used against 
active TB, although they need to be combined with at 
least 2 other anti-TB agents to be effective.” 

Hepatotoxicity is a complication during treatment as 
a result of direct hepatic cell injury by isoniazid and 
rifampicin. Thus hepatic function should be closely 
monitored; the drugs should be withdrawn in severe 
conditions. Drug interaction: Rifampin interacts with Cs 
A and tacrolimus and reportedly reduces tacrolimus 
levels, thereby increasing the risk for rejection.” 


Role of INH Prophylaxis 

Indications of isoniazid prophylaxis as reported by Singh, 

et a7 

* Tuberculin skin test > 5 mm before transplantation 

* Regardless of tuberculin skin test, radiographic 
evidence of old active tuberculosis and no prior 
prophylaxis, history of inadequately treated 
tuberculosis, close contact with an infected patients, 
or receipt of an allograft from a donor with a history 
of untreated tuberculosis of tuberculin reactivity 
without adequate prophylaxis. 

* Newly infected persons (recent conversion of 
tuberculin skin test to positive) 

Nagai et al reported that post-transplant management 
without isoniazid prophylaxis for liver transplant 
recipients with a history of tuberculosis can be acceptable, 
when old tuberculosis is considered to be inactive. 
However, because of its small number of patients and 
short follow-up period in this study, they did not clarify 
the safety of post-transplant management without 
isoniazid prophylaxis.?* 


LEGIONELLA PNEUMOPHILA INFECTION 

Legionella is one of the opportunistic infection is solid 
organ transplants. 10-40% of bacterial pneumonias are 
by legionella species. Serotype 1 causes majority of human 
infections. Present with pneumonia with lung cavitation 
and watery diarrhea. Diagnosis is by culture of the 
organism and legionella urine antigen test. 


NOCARDIA 

Nocardia is an opportunistic bacterial pathogen and is 
clinically manifested as pulmonary and CNS disease. 
Diagnosis is by culture of the organism. Treatment 
includes surgical drainage followed by long duration of 
sulfonamides (Usually 6-12 months). 


LISTERIA MONOCYTOGENES 

Listeria manifests as bacteremia and meningitis. Early 
diagnosis and treatment with high dose ampicillin is 
recommended. It is transmitted through contaminated 
milk, uncooked food and meat. 


VIRAL INFECTIONS 


Viral infections are common after liver transplantation 
due to immunosuppression. Common viral infections are 
HBV and HCV reactivation, CMV, EBV and others. After 
establishing latent infection, herpes viruses (Herpes 
simplex, Varicella, CMV, etc.) can reactivate due to 
immunosuppression. 
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Figure 26.40: Structure of cytomegalovirus 
(GP 1-glycoprotein 1; GP 2-glycoprotein 2) 


CYTOMEGALOVIRUS INFECTION (CMV) 


CMV is the most important in solid organ transplants 
because it can cause both direct and indirect clinical 
effects, and disease prevention remains a challenge. It 
belongs to herpes virus family. Time of onset of infection: 
3-8 weeks. Most of CMV infection occurs in the first 6 
months. CMV is one of the common viral infections in 
solid organ transplants. If untreated, CMV infection is 
associated with 4 fold increase in mortality? Without 
prophylaxis, the incidence of CMV infection is around 
64% use of CMV prophylaxis has shifted the onset of 
disease so that it occurs at a later period after 
transplantation, called delayed onset of CMV. 
Symptomatic CMV disease is seen in 29% of liver 
transplant recipients. CMV disease was an independent 
predictor of patient and allograft survival. Directly or 
indirectly affects graft and patient survival. 

CMV infection is one of the most common viral 
infections in post-transplant period. The risk for CMV 
infection depends largely on the presence or absence of 
latent CMV in the donor and recipient. Individuals who 
are latently infected with CMV have detectable CMV IgG 
antibodies and are defined as being seropositive for CMV. 
Seropositive recipients (R+ve) are at risk for CMV 
regardless of the donor serostatus (D+ve/D-ve). 


Source of CMV Infection in Recipient 


* Donor allograft 
* Blood products from a sero positive donor 
* Reactivation of endogenous virus 


Types of Infection 
* Latent infection 


LiverTransplanation O 


* Opportunistic infection in immunocompromised 
patients 
— Solid organ transplant recipients 
- AIDS 


Pathogenesis 

* Tumor necrosis factor-& plays a vital role in latency 
or reactivation of CMV infection. 

* Factors like infection, rejection and treatment of 
rejection with ALG or ATG and OKT3 will stimulate 
the release of TNF-alfa, thus reactivating the virus. 

* Immunomodulating properties of CMV has been 
associated with recurrence and increased risk of 
allograft failure and mortality in chronic hepatitis C 
recipients.” 

The following diagnostic distinctions should be made 
in the assessment of a patient who has CMV infection 
or disease. 


CMV infection: CMV has been identified by detecting 
viral proteins (eg, pp65 antigenemia) or nucleic acid (e.g. 
DNA PCR) in any body fluid or tissue specimen. 
CMV disease/CMV syndrome: Patients who have clinical 
signs or symptoms (fever, Neutrogena and/or 
thrombocytopenia) but no evidence of end-organ disease 
can be defined as having "symptomatic CMV infection". 
Asymptomatic CMV infection: Patients who do not have 
clinical signs or symptoms of CMV infection. 


Tissue-invasive CMV disease: The patients who have 
evidence of end organ disease due to CMV. (Based on 
organ-specific symptoms and histologic evidence of 
invasive CMV). It invades GI tract, liver, lungs and central 
nervous system. 

CMV disease is an immunomodulatory virus and 
indirectly it acts as an independent risk factor for?" 
* Bacteremia 
* Invasive fungal infections 
* EBV-related PTLD 
* Acute and chronic allograft injury 


CLINICAL COURSE OF CMV INFECTION 
See Figure 26.41. 


Indications for CMV treatment in LTX 
* Donor +ve/Recipient —ve: Universal prophylaxis 
* Recipient+ve/(D+/R+, D-/R+) irrespective of donor 
status: Universal prophylaxis or pre-emptive therapy 
* Donor and recipient both -ve (D-/R-): Pre-emptive 
treatment 
(Risk of transfusion acquired CMV) 


Latent CMV infection 


d after LTX 


Active CMV infection 


Active CMV disease 


| CMV syndrome 
(fever,weakness, 
Arthralgia Myalgia 


Acute 


Allograft injury/rejection SIRS 


PTLD (EBV related) 
Diabetes mellitus 


Chronic Opportunistic. inf. 


Vanishing bile 
duct syndrome 


(PTLD: Post-transplant lymphoproliferative disease, SIRS: Systemic inflammatory response syndrome) 
Figure 26.41: Schematic presentation of CMV infections 


High risk patients for CMV infection 
* Donor +ve/Recipient -ve 
* Induction or anti rejection therapy with ATG or ALG 
or OKT3 


Transplant recipients who are 
at risk of CMV infections 
* Classical Donor +/Recipient -ve ( D+/R-) 
* Heavy immunosuppression (Anti-Lymphocyte 
antibody therapy) 
* Use of high doses of corticosteroids 
* Recipients with acute rejection 
* Lack of CMV specific immunity 
* Prolonged antiviral treatment 
* Suboptimal antiviral treatment 
* High viral multiplication 


Diagnosis 

Most infections are asymptomatic. Patients infected with 
CMV develop antibodies to the virus, and these 
antibodies persist in the body for the lifetime of that 
individual. 


Diagnosis of CMV infection 
* Culture of organism: Classic tissue histological finding 
in CMV disease is the inclusion cells on viral culture. 
* ELISA is used for measuring antibodies (IgG and IgM) 
to CMV. 


* Rapid shell viral antigen detection 
* Detection of PP65 antigen 

* CMV DNA hybrid capture test 

* CMV DNA by PCR 


Prophylaxis and Treatment of CMV Infection and 
Disease in Recipient 


Drugs 

* Gancyclovir 

* Valgancyclovir 

* Foscarnet or Cidofovir 
* CMV IG 


CMV Prophylaxis 


Universal CMV prophylaxis for 3 months to all CMV D+/ 
R-liver transplant recipients. 


CMV prophylaxis 
On the day of liver transplantation 

* IV Ganciclovir, 5 mg/kg twice daily (adjusted on the 

basis of renal function) 

When the patient can tolerate oral medications 

* Oral Ganciclovir, 1 gm 3 times/day or oral 

Valganciclovir, 900 mg QD. 
* Continued through 90-100 days after transplant 
* Dose is adjusted on the basis of creatinine clearance 


Some centers use CMV prophylaxis during episodes 
of acute rejection during the first year after transplantation 
during the course of treatment with IV methylpredni- 
solone, Muromonab-CD3 (OKT3), or antithymocyte 
globulin (rabbit) and for 4 weeks after antirejection 
therapy. 


Pre-emptive Treatment 


Antiviral therapy is not administered to all patients 
following LTX. Instead, weekly surveillance for CMV is 
performed using markers such as pp65 antigenemia and 
quantitative polymerase chain reaction (PCR) assays. 
Antiviral therapy is initiated only when CMV is detected 
and subsequently discontinued when the assay is 
negative. It usually takes 2-4 weeks for the disappearance 
of antigenemia.!* Pre-emptive strategies using pp65 
antigenemia or quantitative PCR to direct therapy with 
intravenous and oral ganciclovir as well as oral 
valganciclovir in the same doses as mentioned above, 
have proved effective at limiting both early- and late-onset 
CMV disease and in reducing the number of patients 
exposed to antiviral therapy.5**! A meta-analysis of 
prospective, randomized trials that was not limited to LT 
recipients but included all SOT recipients demonstrated 
that the overall reduction in the risk of CMV disease was 
approximately 80% with both universal prophylaxis and 
pre-emptive strategies. Only universal prophylaxis, 
however, reduced CMV disease in patients who received 
antilymphocyte antibody induction therapy or who were 
D+ve/R-ve. Furthermore, reduction in overall bacterial 
and fungal infections and mortality was demonstrated 
only with universal prophylaxis. On the other hand, pre- 
emptive strategies potentially can minimize the burden 
of late-onset CMV disease, antiviral drug exposure, 
ganciclovir resistance, and cost.?4* 


Late-onset CMV Disease 


Incidence of CMV disease has diminished during the 3 
months immediately following LTX.” But late-onset CMV 
disease has emerged as a major challenge, particularly 
in patients receiving universal antiviral prophylaxis,5546 
and may be associated independently with mortality. 
Late-onset CMV disease nearly always occurs within 12 
months of transplantation; risk factors include D+ve/R- 
ve status and rejection." CMV seronegativity at 6 
months also has been shown to be a predictor of late- 
onset CMV disease. Strategies need to be developed to 
prevent late-onset CMV in patients at risk. Routine 
surveillance using quantitative PCR in D+ve/R-ve 
patients unfortunately was able to predict disease in only 
approximately one third of the patients who developed 
late-onset CMV disease." PCR testing in this study was 


less frequent between months 4 and 12, however, and 
it is possible that more rigorous testing might have 
identified patients who had viremia before the onset of 
CMV disease. Late-onset CMV disease may be less 
frequent with pre-emptive strategies.!! One proposed 
mechanism for this phenomenon is that antiviral 
prophylaxis delays the recovery of CMV-specific T-cell 
responses, whereas low-level CMV exposures before 
antiviral therapy may lead to appropriate viral-specific 
immune responses.*? Future studies that compare the 
prophylaxis and pre-emptive strategies should focus on 
a primary end point of late-onset CMV disease.’ 


Treatment of CMV Disease 


Molecular diagnostic tests may be used to guide the 
duration of therapy, because the risk for relapse has been 
shown to be lower in patients who have no detectable 
CMV DNA.» In transplant patients, valganciclovir has 
been shown to be safe and effective for pre-emptive 
therapy." Valganciclovir usually is discontinued when 
the CMV DNA is undetectable and all clinical signs and 
symptoms have resolved. In patients who have tissue- 
invasive CMV disease, a more aggressive approach may 
be required, and intravenous ganciclovir is continued 
until all signs and symptoms of disease have resolved. 
Oral valganciclovir is given until CMV is no longer 
detected on PCR. The decision to continue with a lower 
maintenance dose of valganciclovir or to initiate CMV 
PCR surveillance following treatment of disease needs 
to be individualized based on ongoing risks.!% 


Gancyclovir: 

* Intravenous: 5mg /kg twice daily for 2-4 weeks.” 

* Confirm clearance of viremia prior to stopping the 
treatment 

* Oral: 1gm thrice daily can be given for 2-3 months 

* Side effects: Leucopenia, treated with G-CSF 
(granulocyte colony stimulating factor) 


Valgancyclovir: 
e It is oral valine ester of gancyclovir 
* Oral dose had better bioavailability than oral 


900 mg twice daily 
* Dose adjustment of valgancyclovir in patients of renal 
impairment. 


Creatinine clearance Induction dose Maintenance dose 
e> 60 900 mg BID 900 mg QD 
40-59 450 mg BID 450 mg QD 
25-39 450 mg QD 450 mg every 

2 days 
*10-24 450 mg every — 450 mg twice 
2 days weekly 


CMV IG: It is an anti CMV hyperimmune globulin. 


Indications: 
* Prophylaxis against CMV infection specially after 
induction therapy 
* Suspected or confirmed gancyclovir resistant cases 
* Patients of renal impairment who can't tolerate other 
virostatic drugs 
* Patients with hypogammaglobulinemia 
- Moderate (Ig G-350-500 mg/ dl) 
— Severe ( Ig G-<300 mg/dl) 


Dose of CMV IG 

* 150 mg/kg within 72 hours 

* 100 mg/kg at week 2 and 4 

* 50 mg/kg at week 6, 8, 12 and 16 


Munich protocol! 
* 3 doses of CMV IG -100 mg/kg on day 0, 7 and 14. 
* Followed by preemptive therapy using IV Gancyclovir. 
* If there is evidence of CMV disease 

- CMV IG is added to the standard treatment 

- Dose of 100-200 mg/kg/day for 5 days 


Advantages: Absence of nephrotoxicity and neutropenia 
as compared to standard virostatic drugs. 


EPSTEIN-BARR VIRUS (EBV) 


It belongs to herpes virus family. Source of infection is 
from the infected donor or community acquired. Post- 
transplant lymphoproliferative disease (PTLD) occurs 
upto 2.7% of the infected individuals which is due to 
uncontrolled proliferation of EBV infected B-lymphocytes. 
T-cell derived PTLD also occurs in 2% of the recipients. 


PTLD 


Reactivation of EBV can result in PTLD. Use of 
increasingly potent immunosuppressives has been 
associated with an increased rate of EBV associated PTLD, 
especially in pediatric patients.*!*? During the early 1980s 
when cyclosporine was the primary immunosuppressant, 
the incidence of PTLD in pediatric patients was 
approximately 475.55 With the introduction of tacrolimus 
the incidence of PTLD has increased to 6 to 1325513 In 
patients with resistant rejection requiring conversion from 
cyclosporine to tacrolimus, incidence of PTLD is as high 
as 27%. Calcineurin inhibitors act via suppression of 
cytotoxic T-cells resulting in inhibition of host's immune 
surveillance against EBV. The role of EBV in PTLD is well 
established. The risk of developing PTLD is much 
greater in a primary EBV infection. Mortality rate is 69- 
81%. 


Classification of PTLD based on clinical types”? 
* Mononucleosis-type syndrome 
* Lymphoproliferation 
* Malignant lymphoma 


Histology ranges from well-localized polyclonal 
lymphocyte proliferation to malignant lymphoma. 


Risk factors for PTLD“ 
* Primary EBV infection after OLT 
* Young age 
* EBV: D +ve and R -ve 
* Induction therapy 


Presentation*'5? 


PTLDis usually found in allograft, GI tract and abdominal 
and peripheral lymph nodes. 

* Fever of unknown origin 

Lymphadenopathy 

Unexplained graft dysfunction 

Gastrointestinal bleeding or perforation 

Upper airway obstruction 


Treatment of PTLD 


* Monitor EBV viral load through EBV-PCR. 

* Decrease dose of immunosuppression when there is 
evidence of increased viral load (200 genome copies/ 
105 peripheral blood lymphocytes) before symptoms 
of PTLD. 

* Antiviral therapy is started in patients who fail to 
respond to decreased immunosuppression. 

* Antiviraltreatmentalong with withdrawal of immuno- 
suppression may be insufficient and courses of 

and cyclophosphamide may be added, if 


* Prophylaxis against EBV infection in high risk pediatric 
recipients. 

* Ganciclovir for 2 weeks postoperatively followed by 
oral Valgancyclovir for 90 days. 

* Prophylaxis is used in all patients or only in high risk 
patients, defined as seronegative recipients for EBV 
receiving grafts from a seropositive donor depending 
on the center protocol. 

* Treatment of PTLD by reduction of immuno- 
suppression led to a high incidence of chronic rejection 
in patients who survived PTLD. Judicial reintroduction 
of immunosuppression is necessary in patients who 
are cleared from PTLD and started to show symptoms 
of rejection. 
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* Patients who present with malignant lymphoma need 
conventional lymphoma chemotherapy?:^* 

* Decrease in the morbidity and mortality in PTLD is 
achieved by aggressive prophylactic and therapeutic 
treatment of EBV.5152 


HIV POSITIVE RECIPIENT 


Recent reports have achieved successful LTX in HIV 
infected individuals. In the modern era of highly active 
antiretroviral therapy (HAART), the survival of HIV 
infected patients has improved dramatically. Asa result, 
patients are now experiencing significant morbidity and 
mortality related to ESLD, and LTX is being offered at 
some transplantation centers, including 20 centers 
involved in an ongoing trial by the National Institutes 
of Health. 

In the USA and Europe, 15-30% of people with HIV 
are co-infected with HCV. Among these patients, approxi- 
mately 80% are intravenous drug users (IVDU) and 
around 20% are homosexual/bisexual men.* A major 
concern of LT in HIV-infected individuals is that the 
immunosuppressive therapies associated with 
transplantation may compromise further an already 
immunocompromized host. According to UNOS 
database, the overall transplantation outcomes in HIV- 
infected patients, however, were similar those in HIV- 
negative recipients." The impact on survival of a post- 
LT CD; cell count < 200 or detectable HIV RNA is 
unclear? but virologic suppression is generally not an 
issue after LT. Types of opportunistic infections seen in 
these patients were typical for the post-LT recipient and 
probably were not related to the underlying HIV. 


Drug Interaction 


In all cases, calcineurin inhibitor doses need to be 
decreased dramatically in the presence of protease 
inhibitors to avoid potentially toxic levels and drug levels 
should be closely monitored to avoid subtherapeutic 
levels that may increase the risk for rejection. Though 
successful control of HIV after LTX is satisfactory, an 
emerging concern is the impact of HCV recurrence in 
patients coinfected with HIV and HCV. Patients 
coinfected with HIV and HCV and undergoing LTX have 
shorter survival and increased rates of cirrhosis and death 
from HCV-related complications than do HCV- 
monoinfected LTX recipients. Mortality was high (5/ 
7 patients) in the series at King's College?! and in Essen 
(3/5 patients). 


Risk factors for poor survival in co-infection 
of HIV and HCV 
* African American race 
* MELD score > 20 
* Intolerance to HAART after LTX 
* HCV RNA above 30 million IU/ml after LTX® 


Coinfection with HCV or HBV 


Coinfection with HCV or HBV is common in HIV infected 
persons, particularly in patients with hemophilia and 
injection drug use. 30% of HIV-infected persons are 
coinfected with HCV; that estimate rises to 50 to 80% of 
HIV-positive intravenous drug users. LTX in HIV 
positive patients was the only chance for survival from 
chronic hepatitis and HCC. The survival of HIV/HCV 
positive patients in ESLD is shorter than that of other 
HCV-positive patients experiencing ESLD. The HIV- 
positive cohort of patients was younger than the HIV- 
negative ESLD patients. The outcome of these recipients 
was extremely dependent on the status of the patient at 
the time of transplantation. In persons infected with HIV, 
the combination of Peg. Interferon and Ribavirin is 
superior to the combination of interferon and Ribavirin 
in the treatment of chronic hepatitis C.5* 


LTX in HIV infected recipients with ESLD^ 
Inclusion criteria 

* Long-term nonprogression patients with CD4, >200 
(350) cells/mm? 

* Patients on HAART and CD,. >200 (350) cells/mm? 
for 6 months and HIV-RNA undetectable 

* Patients with advanced liver disease not tolerating 
HAART, but CD4,>100 (200) cells/mm? 


Exclusion criteria 

* AIDS-defining events 

* Kaposi's sarcoma with visceral localization, sarcoma, 
or history of neoplasia 

* Fulminant hepatic failure 

* CD; count «100 cells/mm3 

* Detectable HIV-RNA on HAART. 

* Antiretroviral intolerance is not an absolute 
contraindication to OLT (Associated with 100% 
mortality) 


Higher Risk of Post-transplant Complications® 


* Infections 
* HCV recurrence 


* Rejection 
* High incidence of vascular complications 

In Miami and Pittsburgh studies there was a 38% 
rejection rate. They administered steroids for 12 weeks 
after OLT and started HAART, 2 weeks after OLT. The 
HAART must be restarted when hepatic function begins 
to normalize and when the immunosuppression is 
stable. Moreno et al. reported that moderate decrease 
in CD, T-cell count during the first month post-OLT.S" 
Normal liver function tests, total bilirubin « 2 mg/dL is 
necessary for initiation of HAART in post-transplant 
period. 


HAART Regimen 


A nucleoside reverse transcriptase inhibitor (NRTI) plus 
a protease inhibitor (PI) or an NRTI plus a non NRTI 
(nevirapine was avoided due to severe potential 
hepatotoxicity posttransplant). CD,. counts and HIV viral 
titers are measured every 4-8 weeks. 


Immunosuppression 


CINs, steroids can be used safely and avoid induction 
therapy. MMF or Sirolimus were utilized for patients with 
renal insufficiency or as additional immunosuppression 
for those who had acute cellular rejection. 

The largest reported study of OLT in HIV-infected 
patients showed good results at 12 and 36 months with 
survival rates of 87.1 and 72.8%, respectively” Hence 
HIV infection should no longer be an absolute 
contraindication to transplantation. The outcome of liver 
transplantation in HIV patients was influenced by 
infections (HCV, CMV, and EBV) and Kaposi's 
Sarcoma.?* 


HERPES SIMPLEX VIRUS 

This group of viruses is largely controlled by strategies 
to prevent CMV. Human herpes virus 6 and 7 are 
emerging pathogens that may interact with CMV.74 
Finally, human herpes virus 8 may be associated with 
the development of Kaposi sarcoma in transplant 
recipients. Prime target of these viruses are CD;. 
lymphocytes. Usually they manifest between 2-4 weeks 
after transplantation. Pulmonary and meningeal 
infections are common. Diagnosis is by cell culture, 
antigen assay and PCR test. Treatment is by acyclovir, 
gancyclovir and foscarnet. 


VARICELLA ZOSTER VIRUS 


Manifests after 3 months as cutaneous lesions in 3-7% 
of patients after LTX. Induction therapy precipitates 
infection. Treated with acyclovir or gancyclovir. 


Transplantation (267. 


OTHER VIRUSES 

Respiratory syncytial viruses, adeno virus, influenza A 
and B virus may cause severe infections in 
immunocompromised patients unlike normal individuals 
and infection persists for long time. Supportive treatment 
is important I such infections. Amantidine and 
rimantidine have been used for influenza A. But now a 
day's zanamavir and oseltamivir are recommended for 
influenza A and B viruses. Ribavarin is used for treatment 
in RSV induced respiratory disease. No specific drug 
recommended for adenovirus. 


FUNGAL INFECTIONS 


The incidence of invasive fungal infections has been 
reported in 5 to 42% of liver transplant recipients with 
an associated mortality of 11 to 81%, mostly greater than 
50%.’*Currently, most infections of invasive aspergillosis 
occur later in the liver post-transplant period, as 
compared with those in the early 199057575 Prevention 
and treatment of fungal infections in LTX recipients is 
a major a major challenge and account for significant 
morbidity and mortality. Invasive candida and 
aspergillus infections remain the predominant fungal 
infections in the early post-transplant period followed by 
cryptococcus infections and reactivation of endemic 
mycoses such as histoplasmosis and coccidiomycosis. 
Pneumocystis carinii pneumonia is prevented effectively 
with universal cotrimaxozole prophylaxis.!?* 


CANDIDA INFECTION 


Risk factors for invasive candidiasis^/* 
* Renal failure and post-transplant dialysis 
* Fulminant hepatic failure 
e Retransplantation 


* Prolonged surgery 

* Greater intraoperative transfusion 

* Antibiotic prophylaxis for spontaneous bacterial 
peritonitis 

* Post-transplantation dialysis 


Source of Infection 


Catheter related or an intra-abdominal infection (abscess 
and/or peritonitis). 


Diagnosis 


Fungal culture showing yeast from sterile specimens such 
as blood or peritoneal fluid. 


Treatment 


Precipitating cause should be treated first such as removal 
of intravascular catheters and drainage of intra-abdominal 


abscesses should be drained and infected wounds should 
be debrided. Patients with candidemia are examined to 
rule out endophthalmitis. 


Antifungal agents: 

* Fluconazole is the antifungal agent of choice for 
treating most cases of invasive candidiasis. Candida 
glabrata is increasing in incidence and is mostly 
resistant to fluconazole.!?* 

* Other antifungal drugs like amphotericin B, 
voriconazole and echinocandins such as caspofungin, 
micafungin and anidulafungin may be preferred in 
resistant cases. echinocandins are most preferred 
antifungal in resistant cases keeping in view of the 
safety and efficacy compared to amphotericin B and 
azoles.^* 

* Fluconazole is used in calbicans, candida tropicalis, 
and candida parapsilosis.” candida glabrata infections 
should be treated echinocandins, if it is resistant to 
fluconazole. 


Dose of antifungal agents 

* Fluconazole 400 mg/day IV 

* Amphotericin B: 30-50 mg/day IV 

* Voriconazole: 6 mg/kg IV 12 hrly, followed by 4 mg/ 
kg IV thereafter. 

* Caspofungin sodium: 70 mg IV on day 1, followed 
by 50 mg/day IV thereafter 

* Mycofungin: 100-150 mg/day IV 


Duration of treatment: At least 2 weeks after blood cultures 
have been sterilized and all signs and symptoms of 
infection have resolved. 


Role of antifungal prophylaxis: Prophylactic fluconazole 
prevented invasive candidiasis only in high-risk LT 
recipients but did not affect overall survival.” A recent 
meta-analysis suggests that antifungal prophylaxis 
effectively prevents C albicans infections and decreases 
mortality attributable to C albicans. 


ASPERGILLUS INFECTION 

Incidence of invasive aspergillosis is <10% in LTX 
recipients?! but remains the most dreaded fungal infection 
following transplantation and still is associated with a 
high mortality rate of 605.52 


Risk factors for aspergillus infection*?5* 
* CMV infection 
* Post-transplantation renal failure 
* Patients on dialysis 
* Poor graft function 
* Retransplantation 


Earlier reports suggest that invasive aspergillosis occur 
in the first 2 to 4 weeks of LTX.55 Butin recent years almost 
half of all cases occur after 6 months, with approximately 
one third occurring after 1 year% and mostly restricted 
to lungs?? In contrary to earlier reports of 50% of lung 
invasion® Risk factors for this late onset is use of sirolimus 
in combination with tacrolimus.5 


Diagnosis*? 

* Clinical findings 

* Radiological evidence in the chest X-ray 

* Microbiologic confirmation of aspergillus species form 
respiratory sample (positive predictive value of 41 to 
72%) 

* Histologic evidence 

* Serum aspergillus galactomannan assay (specificity- 
98.5%) which detects a cell wall component of 
aspergillus.5* 


Treatment 


Delayed in diagnosis and treatment leads to significant 

mortality. 

* Voriconazole is the drug of choice. In a randomized 
study, voriconazole was found to be superior to 
conventional amphotericin B.5* 

* Combination of voriconazole and caspofungin is 
associated with reduced mortality in patients who 
have renal failure or aspergillus fumigatus infection.” 

* Duration of treatment: antifungal therapy should be 
continued until all clinical and radiographic evidence 
of disease has resolved. Despite improvements in 
antifungal therapy, overall outcomes remain poor even 
with voriconazole*? 

* Drug interaction: voriconazole should be used with 
care in recipients on calcineurin inhibitors. 
cyclosporine A and tacrolimus dosing should be 
reduced by 50% and 66% respectively.’ 

* Antifungal prophylaxis to prevent invasive 
aspergillosis isa controversial issue. Buta recent meta- 
analysis of antifungal prophylaxis in LTX recipients 
demonstrated no beneficial effect on invasive 
asperigllosis.9 Prophylaxis with liposomal 
amphotericin B may be effective in preventing invasive 
aspergillosis in high risk patients.?15? 


CRYPTOCOCCUS 


Cryptococcus is the third most common invasive fungal 
infection in organ transplant recipients after candidiasis 
and aspergillosis. Most cases occur more than 6 months 
after transplantation. Cryptococcus neoformans is a 
significant opportunistic infection in solid organ 
transplant recipients, with a reported incidence of 1 to 


5% and mortality rate of 20 to 40?5.55?* Route of infection 
is by inhalation of aerosolized particles from the 
environment. 


Presentation 


Pulmonary cryptococcosis: Nodular pulmonary infiltrates 
ranging in size from small nodules to mass-like lesions. 


Meningitis: CINs and sirolimus are effective against 
cryptococcus. A lower incidence of CNS than extraneural 
manifestations of cryptococcosis in patients receiving 
tacrolimus may also be due to higher relative 
cerebrospinal fluid levels of tacrolimus compared with 
cyclosporine. 


Liver failure is a risk factor for poor prognosis.” 


Diagnosis 
* Recovery of organism for clinical samples 
* Positive serum cryptococcal antigen test (serum/CSF) 
may be predictive of meningitis and dissemination, 
but cannot be used reliably in the diagnosis of 
pulmonary cryptococcosis.” 
* Immunoblot assay 
Cryptococcus neoformans, in immunocompetent 
individuals causes a subclinical pulmonary infection 
which can evolve to a quiescent latent state with the 
potential for later reactivation in the context of acquired 
immunosuppression. Symptomatic disease may result 
from a primary progressive process. 


Treatment 

Amphotericin B and flucytosine in the first 2 weeks 
followed by fluconazole next 10 weeks or till all clinical 
signs and symptoms of the disease have resolved and 
serum cryptocococcal antigen has become negative. Lipid 
preparations of amphotericin B can also be used. 


PNEUMOCYSTIS CARINII / JIROVECI 

Pneumocystis is an opportunistic infection associated 
with increased morbidity and mortality in solid-organ 
transplant recipients. Earlier it was considered as 
protozoa. But now it is reclassified as fungus. It causes 
pneumonia in 3-7% of the recipients, in between 2nd to 
6th month after transplantation. Clinically presents as 
fever, cough, breathlessness and hypoxia. Before 
instituting PCP prophylaxis, the incidence in this 
population was reported to be up to 10%. 


Diagnosis 

Diagnosis is by methenamine silver stain and/or by 
immunofluorescence test from cellular smears of BAL 
specimens. 


Prophylaxis 

Cotrimoxazole (Trimethoprim+sulfamethoxazole - 80/ 
400 mg) 3 times a week is almost 100% effective in 
preventing PCP in immunosuppressed patients, but its 
use is limited by the high incidence of adverse reactions 
(in upto 50% of patients), in particular, bone-marrow 
suppression and skin manifestations, both major concerns 
in transplant patients. Inhaled pentamidine every 2 to 4 
weeks can also be used. Atovaquone is an alternative for 
PCP prophylaxis at a dose of 1,500 mg once daily, with 
a trend for lower efficacy at a dose of 750 mg once daily. 


Treatment 

High dose of cotrimoxazole. Steroids may be added to 

fasten the recovery if there is evidence of infection. 
Other fungal infections are endemic mycoses and 

dermatiaceous fungi. 


PROTOZOA 


TOXOPLASMA GONDII 


Toxoplasma is a rare but potentially life-threatening 
infection in solid organ transplant recipients. They are 
at risk for developing severe toxoplasmosis by 
reactivation of a chronic infection or from transmission 
of toxoplasma cysts with the transplanted organ.” Life- 
threatening toxoplasmosis with pulmonary and cerebral 
manifestations has been previously reported” suggesting 
that despite the low risk, it must always be considered 
in seropositive patients, especially when the donor is 
seropositive. The diagnosis of toxoplasmosis high index 
of suspicion because the clinical manifestations and 
laboratory findings may not be specific. There is no single 
serologic test that is accurate enough to be recommended 
for diagnostic use.55-109 

Diagnosis is based on 

* Direct demonstration of the parasite in tissues or 

biological fluids 
* Detection of Toxoplasma DNA by PCR. 
* ELISA for antitoxoplasma antibody (IgG/ Ig M) to T 
gondii, 102 


Treatment: High dose of cotrimaxozole. 


PARASITES 


Strongyloides stercoralis, trypanosoma cruzi and giardia 
lamblia infections can occur in solid organ transplants. 


STRONGYLOIDES STERCORALIS 


The incidence and prevalence of parasitic infections in 
transplant recipients is unknown; only a few patients are 


symptomatic.! Only 5% of known human pathogenic 
parasitic infections have been reported in transplant 
recipients. Since the use of CINs has become a cornerstone 
in prophylactic immunosuppression, this syndrome has 
become exceedingly rare, owing to the strong parasiticidal 
effect of the group of drugs against a wide range of 
organisms, as documented in mice and humans.!°3 Most 
infections were caused by strongyloides stercoralis. The 
main symptoms are gastrointestinal. This is a helminthic 
parasite endemic to tropical and subtropical areas. The 
cycle of autoinfection can perpetuate in healthy hosts, 
causing chronic or subclinical infections that may persist 
for decades without an adverse event.1510 Disseminated 
strongyloidiasis is asymptomatic in the majority of 
individuals. Examination of a stool sample should be 
mandatory for all patients on long-term immuno- 
suppressive therapy to prevent the disease’s morbidity 
and mortality.!°>17 Paula, et al. showed the value of an 
indirect immunofluorescence antibody test and enzyme- 
linked immunosorbent assay to detect IgG and IgM 
antibodies to diagnose human strongyloidiasis among 
immunocompromised hosts.) Treatment is by 
albendazole or thiabendazole, 


VACCINATION 


It should be carried out early in the course of liver disease 
as the development of immune responses is decreased 
in ESLD or due to immunosuppression after transplan- 
tation. These vaccines include: 


* Inactivated vaccines are given either before/after 
transplantation!!° 

= Tetanus vaccine 

— Hepatitis A vaccine 

— Hepatitis B 

— Influenza vaccine (annually) 

— Pneumococeal vaccine 

— Meningitis vaccine 

Live attenuated vaccine like varicella vaccine are 
given to non-immune patients prior to transplan- 
tation, They are contraindicated in immuno- 
suppressed recipients.!!° 


If the patient is not vaccinated, administration of all 
vaccines should be delayed until at least 6 months after 
transplantation when the patient is receiving 
immunosuppression. 


HELICOBACTER PYLORI AND LTX 


Helicobacter pylori (H.pylori) infection is associated with 
post-transplantation MALTomas.!!! Their distinction 


from other forms of EBV negative post-transplantation 
Iymphomas!? is important, since indolent behavior is 
more common in MALTomas, and eradication of H. 
pylori can lead to tumor regression in some post- 
transplant patients.!* 

These lymphomas need not be a contraindication to 
transplant, even if present around the time of 
transplantation. MALTomas (more properly known as 
marginal zone lymphomas) are a form of B-cell non- 
Hodgkin's lymphoma that arises most commonly in the 
stomach in association with H. pylori infection. The 
stomach does not normally possess a significant 
component of mucosa-associated lymphoid tissue but can 
acquire it as a result of colonization with this bacterium.!4 
This fact originally led to the suggestion that the infection 
might predispose to MALToma at this site!!4 and also 
inspired the first successful efforts to treat gastric 
MALToma by antibiotic eradication of H. pylori.!^ This 
therapy is best applied to histologically low-grade 
MALTomas that are restricted to the gastric mucosa and 
submucosa. 

Foxton et al.!° reported a middle-aged man with HCV- 
associated cirrhosis, while waiting for a transplant the 
patient was found to have low-grade gastric MALToma 
and concurrent H. pylori infection. The tumor was 
unresponsive to anti-Helicobacter and chlorambucil 
therapy. Rituximab was also given, with no apparent 
response by scan. Liver transplantation was performed, 
followed 5 months later by subtotal gastrectomy. No 
residual tumor was seen. Interestingly, several 
inflammatory polyps in the gastric specimen were found 
to harbor HCV RNA. This patient remained tumor free 
23 months after transplantation. 

Studies to date estimate a 60 to 80% remission rate of 
such lymphomas with anti-Helicobacter therapy 
alone.'?7118 However, recent data suggest that minimally 
detectable clones may persist in more than 50% of such 
responders, indicating a need for long-term follow-up." 
H. Pylori is not thought to be directly oncogenic for 
lymphocytes.!?? Rather, early lesions may remain 
dependent upon T-cell help for growth.!?! With 
progression, tumor cells lose this dependence and become 
unresponsive to elimination of the bacterium. The 
translocation t (11718) (q21;q21) in neoplastic cells 
corresponds to this form of tumor escape.1?? 
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LIVER BIOPSY 


There are different methods to obtain a liver biopsy. In 
patients with abnormal coagulation profile, coagulopathy 
may be corrected by transfusion of fresh frozen plasma 
and platelets. Cryoprecipitate requirement is unusual. 


DIFFERENT APPROACHES FOR LIVER BIOPSY 
Percutaneous biopsy 

Transjugular liver biopsy 

Open needle liver biopsy 

Laparoscopic liver biopsy 


Percutaneous Liver Biopsy 


Tt is the most common method of obtaining the liver 
biopsy and usually done on the right lobe for diagnosis 
of rejection. Usually done on bedside with an 18 gauze 
needle percutaneously under USG guidance which helps 
to avoid any major vascular injuries and reach the exact 
site in the liver parenchyma i.e. right lobe or left lobe. 
Bleeding and pain are the common problems with this 
method. 


Transjugular Biopsy 

It is also called as transvenous biopsy, usually required 
when the patient has a significant coagulopathy or 
massive ascites where percutaneous biopsy is 
contraindicated. It is done by seldinger's technique by 
puncturing the jugular vein and under the fluoroscopic 
guidance, the guide wire is inserted into the hepatic veins 
to reach the liver and biopsy is taken. The advantage of 
this method is that if there is bleeding from the biopsy 
site, the blood goes directly into the hepatic veins rather 
than outside of the bloodstream, resulting in minimal risk 
for blood loss. 


Open Needle Biopsy 

This is an old technique and rarely performed at present 
transplant scenario. This requires a small incision and 
open the abdomen then take a biopsy and control 
hemorrhage by diathermy. Earlier days few centers used 
to make a “willows window", a small opening in the 
incision line for future protocol biopsies or in case of 
rejection. This method is no longer practiced. 


Laparoscopic Liver Biopsy 

Biopsy is taken under vision by laparoscopy. This method 
can be used for donors, but it is more invasive. It is 
practically difficult in recipients. 


Biopsy Sample Processing 

Liver tissue is placed in 10% formalin solution and is 
processed with hemotoxilin and eosin stain. Rapid 
processing techniques provide permanent fixed slides in 
4-6 hours.! Other type of stains such as Masson trichrome 
and PAS (periodic acid-schiff) stain can also be used. For 
diagnosing the complement deposits, a piece of frozen 
liver tissue may be sent for immunofluorescence study. 
For viral study biopsy sample is subjected to 
gluteraldehyde stain and examined under electron 
microscopy. Other special stains like immunohistological 
staining used for T-cell subset analysis and diagnosis of 
viral infections like HBV, CMV, Herpes virus, etc. In situ 
hybridisation techniques may be used for diagnosis of 
viral infections. 

Complications of Liver Biopsy 

Pain, bleeding, hemobilia, infection and AV fistulas. 


DONOR LIVER BIOPSY 


The issue of whether or not to perform a liver biopsy on 
all potential right lobe liver donor candidates remains 


controversial.?? Those favoring mandatory biopsy 
consider it to be the 'gold standard' for evaluation of liver 
disease. The complication rate associated with liver 
biopsy has been estimated at 1-2%.* Some reports 
mention that less incidence of occult liver disease in the 
general population and argue against including biopsy 
in all work ups.>® Currently, there are no specific 
recommendations regarding the need for preoperative 
liver biopsy in potential live liver donors. The use of liver 
biopsy in well-selected potential right lobe live donors 
results in minimal risk to the affected individuals.” A 
survey of 42 transplant centers that perform LDLT 
showed that only 14% performed routine liver biopsies, 
60% performed liver biopsies only in selected cases, and 
26% did not do biopsy in any donor candidates. BMI, 
body topography, serum aminotransferase and lipid 
levels, waist/hip ratio, USG, CT and MRI are other means 
of common noninvasive means of estimating hepatic fat 
content, but their sensitivities for identifying hepatic fat 
differ from study to study. USG, CT and MRI had an 
overall accuracy rate of 65%-80% for moderate to severe 
degree of hepatic steatosis.’ 


BODY MASS INDEX (BMI) 


Rinella et al5 reported BMI as a reliable predictor of 
hepatic steatosis with a positive correlation between 
increasing BMI and steatosis grade on biopsy. Liver 
biopsy can be avoided in subjects with normal BMI but 
that living donors with high BMI should undergo liver 
biopsy because biochemical and imaging data are not 
reliable enough to accurately diagnose the degree of 
steatosis. Conversely, Ryan et al. suggested that BMI 
was not a predictive factor for steatosis.'^ BMI may 
suggest the presence of liver steatosis but not other liver 
pathologies including fibrosis, hepatitis, and 
granulomatous reactions. 


BMI= Body weight (BW in kg)/ body 
height (BH in meter square) 


Liver biopsy is safe and currently the gold standard 
for detecting pathological liver abnormalities, but is 
invasive procedure with acceptable morbidity. In mild 
to moderate pathological steatosis, liver biopsies are taken 
to best predict the overall histologic characteristics of 
donor livers. Current recommendation continues to be 
for selective biopsy of potential donors, with emphasis 
on those identified by the algorithm as being at significant 
risk for hepatic dysfunction. 


Indications of liver biopsy in a donor’ 

* Abnormal LFTs, including results one point above the 
reference range or positive results for hepatitis or 
antinuclear serology. 

* Imaging studies suggestive of steatosis, NASH or 
other parenchymal abnormalities. 

* Body Mass Index (BMI) > 28. 

* Genetic relation to a recipient with, or a family history 
of, immune mediated liver disease. 

* Prior history of alcohol or substance abuse. 


Morbidity and mortality of the donor and recipient in 
subsequent stages could be prevented by pretransplant 
liver biopsy of the donor. Less invasive investigations 
with a high rate of donor exclusion should precede liver 
biopsy." If it is a steatosis, the donor can be put on 
exercise, diet control and hypolipidemic agents and once 
the donor is fit then the donor graft can be harvested. 
If itis nonalcoholic steatohepatitis (NASH), donor usually 
is rejected. 

LDLT is guided by 2 main principles: 

* Donor morbidity and mortality must be kept to a 
minimum 

e Graft and recipient survival should be acceptably high, 
as in conventional DDLT.? 

Ideal donor evaluation process should thoroughly 
assess potential graft function while minimizing risks to 
the donor candidate. Each percentage of macrovesicular 
steatosis might reduce the functional mass of the graft 
by 1% and increased rates of PNF.'° With moderate to 
severe steatosis in DDLT showed increased rates of initial 
PNF, increased graft loss rates, and higher 3-month 
patient mortality rates in the recipients.!! Severe 
macrovesicular steatosis in live donor is associated with 
> 60% risk of PNF after transplantation due to decreased 
hepatocyte regeneration and higher rates of graft 
dysfunction, nonfunction, and ischemic injury.!? 
Nonsteatotic pathologies like hepatitis, fibrosis, 
granulomatous reactions and moderate /severe steatosis 
are absolute contraindication for living donation at most 
centers regardless of normal liver function tests and 
radiologic findings. Both deceased donors with > 30% 
steatosis are considered by some to be a relative risk factor 
for liver dysfunction and an absolute risk factor when 
it is greater than 60%.1%15 


RECIPIENT LIVER BIOPSY 


LIVER BIOPSY FOR ACUTE REJECTION 


Liver biopsy is the gold standard for the diagnosis of ACR. 
It can also be used as a response to treatment with 


immunosuppression by identification of mononuclear 
cells. In biopsy sample, atleast two hematoxylin and eosin 
stained sections from at least two different levels, of a 
core needle biopsy containing at least five triads should 
be examined to confirm rejection. 


Histologic findings in acute cellular rejection 
(Snover's traid)?t22 
* Portal inflammation 
* Non suppurative obstructive cholangitis 
* Endothelitis (Figure 27.1) 


(Endothelitis: Attachment of inflammatory cells to the 
endothelial surface of portal or terminal hepatic veins) 


Immunostaining, including CD, and CDs using an 
automatized process, has become widespread, now being 
done in most pathology laboratories, thereby increasing 
reproducibility and objectivity. ACR on H and E sections 
of liver needle biopsies can be diagnosed pathologically 
on the same day even in formalin-fixed and paraffin- 
embedded tissues, and CD; analysis is possible the next 
day. ACR pathological diagnosis is based on H and E 
findings, according to the Banff schema.” 


Protocol Liver Biopsy after Transplantation 


Some centers perform routine protocol biopsies to see the 
progress of the recurrent disease or any rejection episodes 
at day 7, 4 months and 1 year after OLT.’ 


Different Types of Cells in Acute Cellular Rejection (ACR) 


Liver allograft is infiltrated by different mixture of 
mononuclear cells and granulocytes. T-lymphocytes 


Figure 27.1: Acute rejection showing endothelialitis in the hepatic 
venule. (Contributed and reproduced with permission of by Hironori 
Haga, Hokkaido University, Japan) 


constitute 50% of the inflammatory infiltrate. T- 
lymphocyte population has CDs, (helper /inducer) T-cells 
and CDs. (cytotoxic) T-cells. CD,. T-cells mediate the 
graft injury by elaborating cytokines which activate other 
effector cells including monocytes and macrophages. 
CDs. T-cells cause graft damage by their direct cytotoxic 
effect. Monocytes and macrophages play their role in 
rejection due to their lymphokine stimulation and as 
antigen presenting cells in generation of T-cell response. 
Eosinophils constitute < 20% of inflammatory infiltrates 
but their presence significant and indicates ACR. 
Neutrophils constitute <20%, B-lymphocytes constitute 
<10% and may indicate development of PTLD. 

Grading of acute cellular rejection is based on 
different systems of classification such as Banff schema, 
Birmingham system and European grading system. The 
most accepted scoring system for rejection is Banff schema 
of grading suggested by international consensus 
document.*> Banff international consensus, Canada 
(1995) developed the scheme of classification for grading 
of severity of rejection. The severity of rejection is based 
on Global assessment and Rejection activity index 
(RAD). 

Banff schema% of grading of acute cellular rejection: 
Global assessment that provides a verbal grading of 
hepatic allograft rejection based on the overall appearance 
of the biopsy specimen with particular weight provided 
by the severity of portal tract inflammation. Mild (Grade 
I) is defined as the presence of rejection infiltrate in a 
minority of the triads, that is generally mild, and confined 
within the portal spaces (Figure 27.2); Moderate (Grade 
II) is defined by the presence of rejection infiltrate, 
expanding most or all of the triads (Figure 27.3) and 
Severe (Grade III) is similar to moderate, with spill over 


Figure 27.2: Mild acute rejection: Mixed portal inflammation, mainly 
lymphocytic, is observed. Mild bile duct inflammation is seen 
(Contributed and reproduced with permission of by Hironori Haga, 
Hokkaido University, Japan) 


Figure 27.3: Moderate acute rejection. Portal mixed cell infiltration 
and endothelialitis are evident (Contributed and reproduced with 
permission of by Hironori Haga, Hokkaido University, Japan) 


into periportal areas and moderate to severe perivenular 
inflammation that extends into the hepatic parenchyma 
and is associated with perivenular hepatocyte necrosis 
(Figures 27.4 and 27.5). Indeterminate is defined as portal 
inflammatory infiltrate that fails to meet the criteria for 
the diagnosis of acute rejection. 

Rejection activity index (RAI) is based on the scores 
givento the histological findings such as severity of portal 
inflammation, bile duct damage and venous endothelial 
damage. At least two of these three features are required 
for a histopathological diagnosis of acute rejection. Each 
factor has a score of 0-3 and a total score of 0-9. Acute 
rejection is defined as mild when RAI is < 4 and moderate 
or severe rejection when RAI is > 6. 


Figure 27.4: Severe acute cellular rejection (Contributed and 
reproduced with permission of by Hironori Haga, Hokkaido University, 
Japan) 


Liver Transplantation 


Figure 27.5: Severe acute rejection with bile duct inflammatory 
damage and eosinophilic infiltration (Contributed and reproduced 
with permission of by Hironori Haga, Hokkaido University Japan) 


Birmingham system for rejection score was developed 
by Hubscher and Dousset? also includes portal 
inflammation, bile duct damage and venous endothelial 
damage. Each factor has a score of 0-3 and a total score 
of 0-9. The grading system scores for the three main 
histological features are added to provide a "final rejection 
score." This is then converted to a histological grade as 
follows: 0-2, no rejection; 3, borderline; 4-5, mild rejection; 
6-7, moderate rejection; 8-9, severe rejection. 

European grading system for acute liver allograft 
rejection” estimates the severity of portal inflammation, 
bile duct damage, and? venous endothelial inflammation 
are graded on a scale of 0 = none to 3 = severe and are 
then collated to provide a final rejection grade. 


LIVER BIOPSY IN HUMORAL/ANTIBODY MEDIATED 
REJECTION 

The incidence of antibody mediated rejection is less in 
LTX and is seen in ABO incompatible liver transplanta- 
tions. Important histological markers in humoral rejection 
are vascular thrombosis, hemorrhage and tissue necrosis 
(Figures 27.6 and 27.7). 


C4d Immunost. 


Vascular deposits of antibodies and complement 
components are detected by C4d immunostaining. This 
technique has both diagnostic and prognostic value and 
could bea hallmark of antibody mediated rejection in liver 
biopsy? A minimum quantitative requirement for the 
diagnosis of rejection is a biopsy containing at least 5 
portal areas.?52* High-postoperative antidonor antibody 
titer (> 1:64) is more frequently seen in C4d-positive 


= 


Histological findings in humoral rejection 
(Figures 27.6 and 27.7) 

* Congestion, platelet and fibrin thrombi in the medium 
and large sized vessels leading to cetrilobular damage 
and hemorrhagic infarcts 

* Periportal edema and necrosis indicates early humoral 
rejection 

* Neutrophil margination and tissue infiltration 

* Changes in hepatic sinusoids 

* Bile duct changes: Cholestasis, bile duct proliferation 
and cholangitis like changes 


Figure 27.6: ABO-incompatible transplantation. Microthrombus 
(arrows) ductile reaction (Contributed and reproduced with 
permission of by Hironori Haga, Hokkaido University, Japan) 


Figure 27.7: ABO-incompatible rejection. Portal edema and 
hemorrhage (Contributed and reproduced with permission of by 
Hironori Haga, Hokkaido University, Japan) 


patients than in Cyg.indeterminate and -negative ones. 
Immunostaining of IgM or other complements such as 
Cs are technically difficult.” 


Interpretation of C4d Immunoperoxidase Staining?? 
(Figure 27.8) 

C4d staining is evaluated in terms of the percentage of 
portal tracts containing distinctly stained stroma and/ 
or endothelium. 


and sinusoids (Contributed and reproduced with permission of by 
Hironori Haga, Hokkaido University, Japan) 


Interpretation of C4d immunoperoxidase staining”? 

* Positive: > 50% Stromal-positive portal tracts 

* Indeterminate: < 50% Stromal-positive portal tracts 
or positive staining only in the vascular endothelium 
or sinusoids. 

Negative: Completely negative staining. 


LIVER BIOPSY IN CHRONIC REJECTION 


Chronic rejection (CR) is a late complication occuring from 
6 weeks to 6 months after transplantation. Histological 
changes are seen interlobular bile ducts and intimal layers 
of muscular arteries which are the main target sites. 
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Histological changes in chronic rejection (Figure 27.9) 


Bile ducts: 

* Epithelial atrophy with pyknosis followed by 
complete disappearance of bile ducts. Loss of bile 
ducts in 50% of the portal triads is needed to diagnose 
chronic rejection. 

* Canalicular cholestasis in advanced cases 

* Mild inflammatory changes 

Vascular changes: 

* Obliterative arteriopathy and obliterative endarteritis 

* Foam cell arteriopathy: Thick intima layer of artery 
with abundant foamy histiocytes. 

* Progressive expansion of intima of large hepatis 
arteries 

* Atrophy and disappearance of small arteries and 
arterioles 

* Balloon degeneration or drop out of centrilobular 
hepatocytes 

* Perivenular sclerosis 


Figure 27.9: Chronic rejection, early phase, showing severe bile 
duct damage and hepatocanalicular cholestasis (Contributed and 
reproduced with permission of by Hironori Haga. Hokkaido University, 
Japan) 


Banff schema subdivided chronic 
rejection into 2 groups? 

Early CR: It is reversible. 

Ductal degeneration and bile duct changes in minority 

(<50%) of portal triads. 
Late CR: It is irreversible. 
Loss of >50% of bile ducts in portal triads. 
Degenerative changes in the reminder of bile ducts 
Obliteration of terminal hepatic venules with bridging 
fibrosis. 


Histological diagnosis of acute on chronic rejection is 
difficult. But in such scenario the histological features both 
acute and chronic rejection exists in the biopsy sample. 


Treated Rejection 


If sequential biopsies are performed, then the biopsies 
can be compared to know the treatment response. 
Incomplete response to antirejection therapy is judged 
by presence of persistence of portal and/or centrilobular 
inflammation, inflammation of the bile ducts and 
endothelitis. Complete response to treatment is shown 
as decrease in the number of inflammatory cells 
particularly T-cells and eosinophils. When the 
inflammatory cells die, they are visible as less densely 
packed spaces. 


Perfusion/Preservation Injury 


Histological findings in perfusion/preservation injury 
* Balloon degeneration of hepatocytes 

* Centrilobular pallor 

* Canalicular cholestasis 

* Spotty hepatocyte necrosis 

* Recurrent disease 


Liver Biopsy following OLT to Assess Hepatic Fibrosis 
due to Recurrent HBV/HCV Disease 
Ishak et al?! reported the modified staging to mention 
the severity of architectural changes, fibrosis and cirrhosis. 
He designed a scoring system. Maximum possible score 
is 6. The scoring according to severity of fibrosis is as 
follows- No fibrosis: 0; Fibrous expansion of some portal 
areas, with or without short fibrous septa: 1; Fibrous 
expansion of most portal areas, with or without short 
fibrous septa:2; Fibrous expansion of most portal areas 
with occasional portal to portal (P-P) bridging: 3; Fibrous 
expansion of portal areas with marked bridging[portal 
to portal (P-P) as wellas portal to central (P-C)]: 4; Marked 
bridging (P-P and/or P-C) with occasional nodules 
(incomplete cirrhosis): 5; Cirrhosis, probable or definite: 
63! Ludwig-Batt?? designed another scoring system for 
hepatic fibrosis: F0: Absent fibrosis; F1: Portal fibrosis; 
F2: Periportal fibrosis; F3: Bridging fibrosis; F4: Cirrhosis. 
Advanced hepatic fibrosis is defined as the presence of 
stage F3 or F4 

Liver biopsy helps in assessing the degree of damage 
due to HCV and amount of fibrosis. 


Other Indications of Liver Biopsy in Hepatic Allograft 


Other recurrent diseases after transplant such as 
reactivation of viral diseases like autoimmune diseases 


like PBC, PSC, autoimmune hepatitis and NASH can be 
diagnosed by liver biopsy. Opportunistic infections such 
as viral infections like CMV, EBV, Herpes zooster, and 
adenovirus, bacterial and fungal infections also leave 
some histological changes in hepatic allograft which give 
a clue in liver biopsy sample studies. The detail 
histological changes of all these pathologies are beyond 
the scope of this book. 
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INTRODUCTION 


Renal failure is a common complication in the 
postoperative period after orthotopic liver transplantation 
(OLT), ranging from 12 to 70%, depending on several 
issues related to transplant center characteristics, 
preoperative renal function, perioperative factors, and 
immunosuppressive drugs.?^ High mortality rates are 
observed when renal replacement therapy (RRT) is 
required, ranging from 40 to 90%.!+ Pre-OLT renal 
dysfunction identified by high preoperative serum 
creatinine levels in cirrhotic patients is an important 
predictor of postoperative sepsis, RRT, overall cost of 
transplantation, and patient and graft short-term survival 
rates.^? Data from England suggest a 68% incidence at 
1 year, and 78% at 5 years of an elevated serum creatinine 
(21.4 mg/dL).? In Pittsburgh reported series, 28% 
incidence of elevated serum creatinine (>2.0 mg/dL) 
among recipients who survived at least 6 months after 
transplantation. A low creatinine clearance 
preoperatively was the most important risk factor for the 
development of postoperative renal dysfunction.!! 
Renal dysfunction is common in patients on waiting 
list due to hepatorenal syndrome, which carries a 10% 
risk of chronic renal failure after transplantation.? The 
incidence of severe renal dysfunction post-transplant 
ranges from 8 to 18% in retrospective series with 10 to 
13 years of follow-up.225 Four to 9% of patients required 
hemodialysis. In another study, only 14% of patients had 
a normal glomerular filtration rate (GFR) at 6 months 
post-transplant, indicating that most patients have at least 
mild renal insufficiency.” Pretransplantation renal failure 
decreases the survival of liver transplant recipients and 
predicts the risk for post-transplantation renal failure and 
infection.!?-4 The duration of pre-transplant renal 
dysfunction, rather than the cause, is proposed to be an 
independent predictor of renal function after liver 
transplantation.’ Renal dysfunction after liver 


transplantation causes increased morbidity and 
mortality!75 GFR falls to approximately 60% of the pre- 
transplantation GFR in 6 weeks after transplantation.!* 
Renal function at the time of transplantation in patients 
with HRS is not a good predictor of subsequent renal 
function.5536 


Risk factors for renal dysfunction??2122 
* Calcineurin inhibitors (Cs A /Tacrolimus) 
* Pre-transplant renal disease such as hepatorenal 
syndrome 
* Intraoperative change in hemodynamics 
* Hypertension 
* DM 
* Dyslipidemia 
* Use of NSAIDs and salicylates 


Recently there are many reports about the MELD score 
as a predictor of postoperative renal dysfunction or 
hepatorenal syndrome and is a useful predictor of early 
renal dysfunction and requirement for RRT in 
postoperative adult LDLT patients.2”8 There is a 
significant relationship between SFS graft (GRWR<0.8%) 
and early postoperative renal dysfunction.?* 


CINS AND RENAL TOXICITY 


CINs produce a reversible acute form of nephrotoxicity, 
resulting from renal artery vasoconstriction involving 
both afferent and efferent arterioles and an irreversible 
chronic form of injury characterized by renal 
arteriolopathy and interstitial fibrosis.?*3? In more severe 
cases, there is tubular damage and a clinical picture of 
acute tubular necrosis, perhaps on the basis of ischemia. 
CINs are common causes of reduced GFR in transplant 
recipients. High levels of CINs appear to act as direct 
proximal tubular toxin and contribute to the onset or 


progression of post-transplant renal dysfunction? The 
mechanism of renal hemodynamic effects of CINs 
involves increased production of thromboxane A2 and 
probably due to endothelins, a potent vasoconstrictor. 
Risk for chronic renal failure in more in patients treated 
with cyclosporine then tacrolimus.?! CINs can cause acute 
nephrotoxicity manifested as acute renal failure in early 
post- transplant period. But this type of nephrotoxicity 
is uncommon. In such condition, histologically kidney 
shows endothelial damage, formation of fibrin thrombi 
in the capillaries, eosinophilic material in the walls of 
arterioles and small arteries with a patchy necrosis of 
smooth muscle cells. Most important side effect of CINs 
is chronic nephrotoxicity, manifested by gradually 
detiorating renal functions over months to years with mild 
proteinuria. Histologically chronic toxicity is visible as 
interstitial fibrosis and tubular atrophy. Degenerative 
hyaline changes seen in the arterial walls. But glomeruli 
are well preserved in the initial stage of chronic 
nephrotoxicity. 


HBV AND HCV RELATED NEPHROTOXICITY 


Both HBV and HCV can cause nephrotoxicity in ESLD 
and due to relapse of viral infection after transplantation. 
They cause glomerulonephritis in some patients, They 
cause progressive detioration of renal function and 
nephrotic syndrome. Degree of proteinuria is closely 
correlated with severity of viremia. HBV usually causes 
membranous glomerulonephritis. But other forms of 
glomerulonephritis like membranoproliferative, 
mesangioproliferative and focal segmental glomerulo- 
nephritis are possible. HBV antigens are localized in the 
glomeruli. HBsAg is associated with mesangial deposits, 
while HBeAg is associated with capillary membrane 
deposits. With clearance of viral antigen, spontaneous 
clearance of glomerulonephritis occurs, HCV causes 
membranoproliferative glomerulo-nephritis. These 
patients usually have hypocomple-mentemia, 
cryoglobulinemia and Ig M antibodies against HCV- 
RNA. 


MONITORING RENAL FUNCTION 

There is no single standard test available which can 
predict future renal function after transplant. GFR, Blood 
urea nitrogen (BUN) and serum creatinine have 
limitations in LTX patients. 


GFR 


Itis difficult to estimate GFR due to abnormalities in fluid 
status. GFR at one year post-transplant, can predict the 
patients who are likely to develop renal dysfunction and 
failure? Malnutrition and poor hepatic function can 


falsely cause low levels of BUN leading to overestimation 
of GFR. In contrary GI bleeding, hypovolumia leading 
to renal hypoperfusion and corticosteroids cause 
elevation of BUN higher than the expected level for a 
given GFR. Measurement of GFR is usually done by using 
EDTA (Ethylene diamine tetra-acetic acid) or DTPA 
(Diethylene triamine penta acetic acid) or iohexol or 
iopthalamate which are neither secreted nor absorbed by 
the kidney. Other methods of measuring GFR are by using 
radiolebelled GFR markers called Isotope GFR 
measurement. It is based on the decay of injected 
radiolabelled GFR marker in few hours. This method is 
expensive. 


SERUM CREATININE 


Itis mostly produced in muscles and its level is influenced 
by the patient's muscle mass. Patients of cirrhosis with 
less muscle mass can have falsely low levels of serum 
creatinine. Drugs like cefazolin, cimetidine and 
trimethoprim inhibit secretion of creatinine. Patients on 
these drugs may show elevated serum creatinine levels 
without any significant change on GFR. 


CREATININE CLEARANCE 


It is one of the most common methods of estimating the 
GFR. It is estimated from a timed urine sample or as 
measured from: 


COCKCROFT-GAULT FORMULA 


Qo AES x (weight in kg)x(0.85 for females) 
reatinine 


RENAL USG 


It is used to rule out obstructive pathology in collecting 
system. Doppler ultrasound may show increased renal 
vascular resistance in case of hepatorenal syndrome. 


CARE IN PATIENTS WITH RENAL DISEASE 


* Routine screening for albuminuria 

* Measurement of GFR and creatinine clearance. 

* Avoidance/minimal use of NSAIDs, aminoglycosides 
and other potentially nephrotoxic drugs in patients 
receiving CINs. 

* Control of blood pressure and blood glucose. 

* Control of volume depletion, hypotension and sepsis, 
if any 

* Treatment of HBV/HCV related glomerulonephritis: 
Treatment aim is clearance of viremia. For HBV 
patients lamivudine /adefovir dipivoxil and Hepatitis B 


immune globulins, and for HCV -interferon and 
ribavarin are useful in controlling viremia. Treatment 
of nephrotic syndrome includes diuretics correction 
of hypokalemia, use of ACE inhibitors and/or 
angiotensin receptor blockers. 

* In post-transplant period, use of less nephrotoxic 
immunosuppression may improve existing renal 
dysfunction. Low dose CINs along with MMF is a 
better combination?95 sirolimus is another 
alternative. 


ACUTE RENAL INJURY AFTER LIVER 
TRANSPLANTATION 


In liver transplantation, the postoperative appearance of 
acute renal injury requiring renal replacement therapy 
is a serious event, often complicating the outcome of these 
patients. The incidences in the literature vary from 3 to 
2095.75 Renal function immediately after and also during 
the later course exerts an important influence on the 
quality of life and survival of transplant recipients. ARF 
after OLT showed good prognosis with a recompensation 
rate of 97% within 4 weeks after surgery. Mortality is also 
high, from 45.1 to 6775.55? Several factors are involved 
in the pathogenesis of ARF after liver transplantation. 
They may influence patient outcomes and mortality rates. 
Etiology is multifactorial. Although a strong correlation 
exists between diuresis, serum creatinine, blood urea 
nitrogen and outcome;*79? patients may show a 
progressive increase in renal function tests, with 
progressively decreasing diuresis.57395253 Predictors of 
post-transplant renal failure are serum creatinine above 
1.5 mg/dl and GFR «50 ml/min.5* 


Risk factors for acute renal injury after 
LTX47485051,56-55 

* Sepsis 

* Nephrotoxicity due to immunosuppression. 

* Unstable hemodynamic conditions in the early 
postoperative periods 

* Pre-transplant HRS type II 

* GFR «30 ml/min 

* Hepatitis C +ve recipeint 

* Prolonged cold ischemic time (in deceased donor) 

* Preexistent diabetes 

* Presence of ascites and hepatic encephalopathy as 
well as impaired renal function 

* Massive blood loss and excessive blood transfusion 

* Reoperation. 


In OLT, piggyback technique reduces the number of 
postoperative ARF episodes compared with venovenous 
bypass.#45 Patients with graft failure are at high risk for 
severe ARF. Graft failure decreases immunosuppressive 


drug (particularly CINs) metabolism, injuring renal 
function. Serum creatinine increases with increase in 
trough levels of tacrolimus. Between 25 and 50% of liver 
transplant recipients develop acute renal injury during 
the first postoperative days due to CIN nephrotoxicity 
and impaired hemodynamics.906155 


TREATMENT 


Renal replacement therapy (RRT) is needed to support 
till the kidney recovers its function. Early RRT is the most 
important factor to improve outcomes in our ICU after 
liver transplantation.** ARF after OLT showed good 
prognosis with a recompensation rate of 97% within 4 
weeks after surgery. Since multifactorial genesis is the 
most frequent cause of ARF, only two major risk factors 
have been associated with ARF after OLT: Serum 
creatinine above 1.5 mg/dl GFR «50 ml/min. To be able 
to identify this is advance and apply optimally adjusted 
immunosuppressive and drug therapy may have a 
significant impact on the outcome of this cohort of liver 
transplant recipients.5^! 

The choice of intermittent hemodialysis (HD) versus 
continuous renal replacement therapy (CRRT) is often 
based on the hemodynamic stability of the patient. In 
patients with severe liver disease and significant 
hypotension, intermittent HD may worsen the 
hemodynamic status. Slow continuous correction of 
volume and solutes with CRRT (continuous 
arteriovenous hemodialysis (CAVHD) or continuous 
venovenous hemodialysis (CVVHD) among these 
patients is preferred for better maintenance of 
cardiovascular and cerebral stability. Peritoneal dialysis 
(PD) may offer similar hemodynamic advantage as CRRT, 
butis not preferred as the effective solute clearance among 
hypotensive patients may be reduced because of the 
associated reduction in peritoneal capillary blood flow. 


Complications of CRRT* 


* Thermal instability 

* Loss of nutritional substrates 

* Excessive load of glucose, citrate, lactate, or citrate 
from the dialysate 


Studies from DDLT showed that in ARF, between 8.2 
and 18% of patients require dialysis after LT.6270727* 
Associated mortality in this group of patients is high, 
namely 39 to 90%.625475 


DRUG CLEARANCE BY DIALYSIS 

Immunosuppressive drugs: Prednisolone, CINs (Cs A 
and tacrolimus), MMF are not removed by dialysis while 
methylprednisolone and azathioprine are cleared 


partially during dialysis. Hypertension drugs: B-blockers 
like atenolol, nadolol, metoprolol and sotalol are 
dialyzable. ACE inhibitors are usually dialyzable 
exceptions being benzapril and quinapril. Calcium 
channel blockers are not dialyzable. Verapamil is avoided 
in transplant recipients on hemodialysis as its metabolites 
can accumulate and show antihypertensive effect. 


CHRONIC RENAL DISEASE AFTER LIVER 
TRANSPLANTATION 


Fisher, et al." 7 analyzed the outcomes of 139 OLT patients 
surviving >5 years, showing an incidence of chronic renal 
disease of 78% at 5 years. Acute renal dysfunction early 
after OLT has been recognized as a risk factor for chronic 
renal disease. In a study by Gonwa, et al. the incidence 
of end stage renal failure (ESRF) was 9.5%.” Hepatorenal 
syndrome and early renal failure both were associated 
with ESRD,” 

Cauley, et al% reported that serum creatinine levels 
among patients with chronic renal disease usually 
increases during the first 3 years after surgery, remaining 
stable thereafter during the follow-up. They found that 
the greatest impairment took place during the first 18 
months after OLT. There was a trend to greater 
nephrotoxicity among patients treated with the 
microemulsion formulation of cyclosporine compared 
with tacrolimus.”8 


Risk factors for chronic renal disease after LTX 
* Age > 45 years 
* Prolonged surgery 
* Pre-transplant renal dysfunction, 
* Renal dysfunction within the 1st 6 months 
* Hyperuricemia at 1 month after OLT 
* Use of conventional (microemulsion) cyclosporine 


In OLT, chronic renal disease appears early, and after 
a steady worsening of renal function during the first 3 
years, only minorities of these patients develop ESRF. 
Patient survival is shorter than in patients without this 
complication.9? CINs dose reduction or replacement with 
MMF or sirolimus shows a beneficial effect on the 
evolution of chronic renal disease, which rapidly 
improves renal function, without affecting liver 
function.9 On the other hand, there are suggestions from 
other transplantation centers that MMF monotherapy is 
associated with an increased risk of rejection.** Other 
drugs such as sirolimus need further evaluation for the 
prevention of CRF after liver transplantation. 


HYPERKALEMIA AND LIVER TRANSPLANTATION 


Hyperkalemia poses serious hazards to patients 
undergoing OLT. Most concerns have been associated 
with severe hypotension, hypokalemia, and subsequent 
deaths in the reperfusion period.5? The occurrence of 
hyperkalemia in the period just following recirculation 
of blood during the liver transplant surgery has been 
correlated with death. Nakasuji and Bookallil® concluded 
that the occurrence of hyperkalemia after 
revascularization is correlated with serum potassium 
concentrations and metabolic acidosis due to insufficient 
cardiac output during the anhepatic phase, There have 
been several accounts of treating impending 
hyperkalemia with insulin infusion during the anhepatic 
phase.5* 

Long term nephrotoxicity of cyclosporine and 
tacrolimus (FK-506) are associated with hypertension, 
hyperkalemia, hypomagnesemia and metabolic acidosis 
(Gordon's syndrome). Both of these essential 
famines Rpr agents carry the risk of long-term 
irreversible toxicity.* 
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INTRODUCTION 


Long-term complications are frequently seen in recipients 
dueto the improved graft and patient survival rates with 
improvement in surgical techniques, quality of post- 
operative care and better immunosuppression. Long-term 
survivors are at risk for developing various medical 
diseases like cardiovascular, metabolic, and neoplastic 
conditions.'4 


Long-term problems! 
* Medical diseases 


Obesity Diabetes mellitus 
Metabolic syndrome Dyslipidemia 
Hypertension Cardiovascular risk 

Renal dysfunction Osteoporosis 
Hyperuricemia Cutaneous disorder 
Malignancy Pregnancy, reproductive life 


and family planning 

* Recurrent diseases after liver transplantation 

Viral etiology-HBV and HCV reactivation 

Autoimmune hepatitis 

Primary biliary cirrhosis 

Primary sclerosing cholangitis 

Alcohol relapse and liver disease 

Nonalcoholic steatohepatitis 

Budd chiari syndrome 


OBESITY 


In western countries 20-30% of cirrhotic patients are obese 
at the time of their referral for liver transplantation. The 
incidence of pretransplant obesity is much less in Asian 
countries. Weight gain is common after LTX. The over 
all post-transplant obesity is approximately 20%.> The 
prevalence of obesity post-transplantation is increasing. 
Post transplant obesity leads to hepatic steatosis; de novo 
nonalcoholic fatty liver disease may be more common 


than previously thought.® It has been implicated in 
morbidity among live donors for liver transplantation. 


ETIOLOGY 

Etiology of post-transplant obesity:!2 

* Lack of diet control 

* Less physical activity 

* Immunosuppressive drugs—steroids and calcineurin 
inhibitors 

* Diabetes mellitus 


Classification of obesity 


Status 


ideal body weight 
Under weight 

Over weight 

Class | obesity 

Class II obesity 

Class III / Morbid obesity 
Wt: weight, ht: height 


MANAGEMENT 

Management of post-transplant obesity should be 
aggressive? 
* Counseling about obesity related problems like HTN, 
DM and hyperlipidemia 

Early withdrawal of steroids at 3 months 

Diet control 

Regular exercise 

Hypolipidemic agents for a limited 3-6 month period 
Bariatric surgery is last option, rarely required. 
Pre-transplant obesity represents an important cause 
of morbidity in liver transplant recipients. Obese patients 
undergoing LTX have an increased risk of complications 
during the operation and in the immediate postoperative 


period, such as wound infections. Weight gain is 
particularly common during the first year post- 
transplantation, with close to one-half of patients 
becoming overweight or obese.!1:2 


DIABETES MELLITUS 


Pre-transplant prevalence of DM in ESLD patients ranges 
from 1 to 2595/55 and prevalence of post-transplantation 
diabetes mellitus (PTDM) is 5 to 2775.17? 5 years patient 
survival rate is lower in patients with type 2 DM 
compared to nondiabetics, patient and graft survival rates 
are lower for type 1 patients compared with type 2 or 
nondiabetic patients.'° Mortality rates are high in patients 
with PTDM.!5 PTDM usually resembles as type I in early 
post-transplant period but later common resemblance 
with type II DM. The prevalence of PTDM tends to 
decrease as levels of immunosuppression are tapered 
after transplantation?! 

Canadian diabetes association defines the DM when 
the fasting plasma blood glucose levels > 7 mmol/L and 
2 hr post glucose (75 gm) 2 11.1 mmol/L. 

In ESLD, etiology of DM is?*31 
, Impaired glucose metabolism 
, Insulin resistance (related to impaired liver function 

as a result of corticosteroid treatment of AIH) 

Underlying liver disease 

~ HCV infection (10 times increased risk, prevalence: 

21-50%). In contrast Kishi et al reported that HCV 
was not associated with the prevalence of PTDM 
after LDLT. PTDM did not influence patient 
survival.!6* 

~ NASH 

Hemochromatosis?^ 


RISK FACTORS FOR PTDM?!-* 


, Pre-transplant DM 
, Male gender 
HCV 
Corticosteroids 
Obesity 
, Type of immunosuppression 
, Alcohol 

Patients on tacrolimus have higher rates of 
hyperglycemia than cyclosporine.!? It is due to impaired 
B-cell function and increased insulin resistance. 
Corticosteroids cause poor glucose tolerance because of 
increased peripheral insulin resistance. HCV infection is 
an independent predictor for development of PTDM.# 
There is a higher prevalence of PTDM in recipients 
transplanted for HCV compared with 10% or less in those 
transplanted for other causes.* Mortality risk is also 
higher among HCV positive recipients with PTDM due 


to faster onset and progression of hepatic fibrosis.?? 
Aldosary et al.? also found that recipients transplanted 
for HCV were at risk for developing PTDM, but he 
reported that recipients developing PTDM were not 
found to have a higher incidence of increased graft loss 
or the onset of malignancy. Glycemic control merits 
meticulous attention because patients who develop 
PTDM are at an increased risk for cardiac complications 
and infections.^ 


TREATMENT 

Close monitoring of blood glucose levels is necessary in 
early post-transplant period regardless of diabetic status 
or risk.** Both insulin and oral hypoglycemic agents 
(OHA) are used in PTDM. Many patients cannot achieve 
glycemic control with oral agents and require insulin.!26 


Monitoring of Blood Glucose in Post-transplant Period 
Ist week: 6 hrly monitoring 

2nd week to 4th week: Weekly once 

Once at 2nd, 6th and 12 months 

HbAIC once in 3 months if the patient develops 
PTDM. Treatment required if HbAIC 2 6.5%. 

If the patient develops diabetes the frequency of 
monitoring differs from the standard protocols depending 
severity in glucose intolerance and response to treatment. 
In patients of PTDM, annual screening for microalbumi- 
nemia, complications of DM, lipid profiles and HTN is 
essential. 


Classification of OHA 
. Sulfonylurea compounds 
Ist generation sulfonylureas 2nd generation sulfonylureas 


Acetohexamide Glibenclamide 

Chlorpropamide Glyburide 

Tolazamide Glipizide 

Tolbutamide Glicazide 
Glimepiride 

. Biguanides 

7 Phenformin 

~ Metformin 


, o-Glucosidase inhibitors 
. Meglitinides: Recent addition to the OHA group. ultra 
short acting drug 
, Thiazolidinediones (known as glitazones) extremely 
potent in reducing peripheral insulin resistance. 
Weight gain is common side effect. 
~ Troglitazone: First glitazone, though widely used, 
now it has been withdrawn from the market due 
to hepatocellular toxicity and death secondary to 
liver failure. 
~ Rosiglitazone (Avandia) 
~ Pioglitazone (Actos) 


Treatment Recommendations 


* Early postoperative period, insulin is required. Once 
patient starts oral diet, shifted to OHAs 

* Ifthe blood sugar control is not adequate with OHAs, 
then insulin may be added 

* One study reported that insulin used in thin patients 
and OHA in obese patients‘? 

* Rosiglitazone with/without sulfonylureas is the 
standard treatment**#? 

* Pioglitazone is an alternative choice to Roseglitazone*? 

* Metformin is avoided in recipients with real 
insufficiency as it precipitates lactic acidosis 

* Control of HTN is important to reduce the risk for 
diabetic complications?! 

* Weight control is important to decreased insulin 
resistance 

* Serum lipid levels are also monitored to reduce the 
cardiovascular morbidity.” 


DYSLIPIDEMIA .— J— E 

Lipid disorders include elevated low-density lipoprotein 
(LDL) and triglyceride levels and low high-density 
lipoprotein levels (HDL). Mixed abnormalities are 
common. The prevalence of dyslipidemia after liver 
transplantation is approximately 455,525 Recipients with 
ESLD have altered lipid metabolism and typically 
hypocholesterolemia exceptin the presence of cholestatic 
diseases. 


RISK FACTORS 

* Obesity 

* DM 

* Immunosuppressive agents: CINs, prednisolone and 
sirolimus.**” Cs A induce more hyperlipidemia than 
tacrolimus** 

Sirolimus causes dose-dependent dyslipidemia** in 
50% of kidney! and 3.6 to 20%6+67 of liver transplant 
recipients. It can exacerbate cyclosporine and steroid- 
induced hypercholesterolemia.* It delays the clearance 
of circulating LDL, IDL and VLDL due to increased 
activity of apolipoprotein C, an inhibitor of lipoprotein 
lipase.5* 


TREATMENT 

* Dietary fat control. Dyslipidemia post-transplantation 
usually persists despite dietary modification? 

* Change the immunosuppressive regimen from 
cyclosporine to tacrolimus, if required 5257-6? 

e Sirolimus should be avoided in lipid abnormalities'? 

* Drug combinations are preferable in dyslipidemia” 


* LDL-Cholesterol is important in monitoring the 
patient. If LDL-C is >100 mg/dL, life style modification 
is necessary. 

* Pharmacotherapy 
— Indication for medical treatment? 

- No response/minimal response to life style 
modification with LDL-Cholesterol >100 mg/dL 

- Baseline LDL-C » 130 mg/dL or if the recipient 
also has diabetes mellitus 

- Statins (such as lovastatin, simvastatin, 
pravastatin, cervistatin and atorvastatin) are the 
preferred choice/!/? They reduce LDL-C by 
acting as HMG-CoA reductase inhibitors . Side 
effects are myopathy and dose related 
hepatotoxicity. They are known in induce 
immunomodulation in heart and kidney 
transplants. 


Drug Interactions 


Statins interact with CINs as both metabolized by the 
cytochrome CYP3A4.7 Atorvastatin given at 10 mg daily 
causes increased cyclosporine AUC by approximately 
10% without any clinical significance.” Pravastatin has 
less drug interaction with CINs. 


FOLLOW-UP 


Annual screening of lipid profile in patients with 
cardiovascular risk factors. 


METABOLIC SYNDROME 


It is more prevalent in liver transplant recipients. It is 
associated with increased risk of developing 
cardiovascular morbidity and mortality. NCEP ATP IIT 
criteria —Presence of 3 or more of the below mentioned 
risk factors makes the diagnosis of metabolic syndrome. 
Treatment of metabolic syndrome is control of the risk 
factors like control of obesity, HTN, DM and 
hyperlipidemia.757* 


Factors Blood level 
Fasting blood glucose 261 mml/L 
Fasting triglycerides 
HDL Cholesterol 
Male < 1.0 mmol/L 
Female « 13 mmol/L 
Arterial blood pressure 2 130/85 mm of Hg 
Obesity Waist circumference 
Male > 102 cm 
Women > 88 cm 


CARDIAC DISEASE 


Common cardiac problems associated in cirrhotic patients 
with ESLD are:? 
* Ischemic heart disease 
* Alcohol related cardiomyopathy 
* Cirrhotic cardiomyopathy 
* Hypertrophic cardiomyopathy 
* Portopulmonary hypertension and right ventricular 
dysfunction 
The presence of these cardiac problems need careful 
evaluation prior to transplantation and has a significant 
impact on the post-transplant survival. Cardiovascular 
disease is a leading cause of death in the late post- 
transplant period." Common causes are myocardial 
ischemia or infarction, arrhythmias during donor liver 
reperfusion, congestive heart failure, and unstable angina. 
In patients with symptomatic coronary artery disease 
outcome of transplantation is poor. 


Risk factors for cardiovascular disease? 

* Advanced age 

* Male gender 

* Smoking 

* Hypertension 

* Diabetes mellitus 

* Obesity and impaired lipid metabolism (T LDL-C, 
4 low HDL-C, f Triglycerides) 

* Excessive alcohol abuse 

* Less physical activity. 

Major cardiac events are more common in patients 
with the metabolic syndrome compared with those 
without the metabolic syndrome.!” Dobutamine stress 
echocardiography (DSE) and Nuclear perfusion scan? 
are useful in pre-operative evaluation. DSE can assess 
intrapulmonary shunting, pulmonary hypertension and 
valvular heart disease.!% 


HYPERTENSION 


Hypertension is common after LTX, prevalence ranging 
from 40-809551-5* 


RISK FACTORS®> 

* Immunosuppressive treatment-corticosteroids and 
CINs 

* Obesity 

* Metabolic syndrome 

Immunosuppressive drugs: Tacrolimus causes less hyper- 

tension and cardiovascular diseases than cyclosporine.“ 

* Act on renal microvasculature causing renal vaso- 
constriction 

* Promote sodium and water retention by the kidney 


TREATMENT 
* Lifestyle modification required in diastolic BP 80-90 

mm of Hg 

- Weight loss for overweight recipients 

— Smoking cessation 

— Regular aerobic exercise 

* Dietary sodium reduction 
* Medical treatment: Indicated when diastolic BP » 90 

mm of Hg. 

- Calcium channel blockers (CCBs) (e.g. Amlodipine) 
and Beta blockers, with or without the addition of 
thiazide diuretics. If edema develops during CCBs 
treatment it can be controlled by adding thiazide 
diuretics. 

- Dihydropyridine CCBs (Amlodipine and 
Nifedipine) are considered as 1st choice 
antihypertensives as they inhibit endothelin, a 
potent vasoconstrictor implicated in the 
pathogenesis of post-transplant hypertension.5? 

- Spironolactone, angiotensin converting enzyme 
inhibitors and angiotensin II receptor blockers can 
be beneficial in patients with PTDM, but potassium 
levels should be monitored as these medications can 
augment CIN-related hyperkalemia. 

- Thiazide diuretics when combined with CINs, may 
precipitate hyperuricemia and gout. 

- CCB when combined with CINs, may elevate the 
trough levels of CINs by competing for CYP3A4. 

Recently Galioto et al! in his series, reported that 

monotherapy with anti-hypertensive schedule is efficient 
in 20.6 and 28.6% of patients with de novo arterial 
hypertension after OLT at 6 months and 12 months, 
respectively. Carvedilol monotherapy is probably 
preferable as the first-choice drug because it is far better 
tolerated than nifedipine. CINs trough blood levels 
during treatment with carvedilol should be closely 
monitored in order to promptly adjust the CIN dose. In 
partial responders to monotherapy, the introduction of 
an ACE inhibitor as a second drug normalizes blood 
pressure in less than 20% of cases. In this context, the 
combined schedule with nifedipine plus ramipril is more 
effective than that with carvedilol plus ramipril. The 
normalization of blood pressure is an important factor 
for preserving renal function after LTX. 


OSTEOPOROSIS 


Bone mineral density is low in patients with cirrhosis 
caused by both cholestatic and non-cholestatic liver 
diseases. ** Osteoporosis is more common in cholestatic 
liver diseases like primary biliary cirrhosis and primary 
sclerosing cholangitis), which may be one of the initial 
clinical manifestations.” Fracture rates up to 25 to 35%, 


usually occur in the first 3-6 months? Fracture rate is 
gradually declining after introduction of CINs and early 
withdrawl of steroids. Bai et al. reported the presence of 
high incidence of low bone mineral density (BMD) in the 
pre-transplant patients with liver diseases. The elevated 
intact parathyroid hormone (iPTH) level is the 
predominant risk factor for low BMD and both BMD and 
iPTH examinations should be considered routine tests to 
identify the status of bone mass and bone metabolism 
among recipients prior to LTX.'5 


RISK FACTORS 


Female gender 

Postmenopausal age/hypogonadism 
Advanced age 

Smoking. 


MECHANISM OF OSTEOPOROSIS?” 


Hepatic osteodystrophy” due to 
Intestinal malabsorption of calcium 
* Ineffective vitamin D regulation 

* Hypogonadism 

* Cholestasis. 


PRESENTATION 


* Avascular necrosis 
* Fractures mostly in the spine 
* Osteoporosis. 


EFFECT OF CORTICOSTEROIDS 
ON BONES120-103 


Suppression of bone formation. 

* Trabecular bone loss occurs early during treatment 
followed by cortical bone. 

* Bone loss is not dose related and more bone loss in 
the Ist 6 months of treatment, rate of Fragility fracture 
increased even in those taking low doses. 

* Fracture risk returns to baseline after treatment is 
discontinued. 

* Steroid withdrawal has been shown to hasten the 
recovery of spinal bone mass. 


INVESTIGATIONS 


* Serum calcium and phosphate level 

* Alkaline phosphatase 

* Parathyroid hormone level and serum 25- 
hydroxyvitamin D levels. 

* Spine radiographs show vertebral deformity 

* Bone densitometry (DXA scan): It is the gold standard 
for diagnosing osteoporosis. Usually done at the level 


of lumbar spine and femoral neck. Bone mineral 

density (BMD) score less than — 2.5 indicates 

osteoporosis and in between - 1 to - 2.5 indicates 
osteopenia. 

Khan, et al. reported that osteopenia determined by 
lumbar spine BMD underestimates poor BMD in young 
adults after LTX. Maintaining muscle mass may be 
helpful in preserving BMD. 


TREATMENT 


Aim of Treatment 


To achieve optimal bone health before transplantation 
and to prevent bone loss by prophylactic treatment. 
Lifestyle modifications 

- Adequate calcium intake 

— Proper nutrition 

- Reduction of caffeine intake 

- Maintenance of normal body weight 

— Regular physical exercise 

- Discontinuation of smoking and alcohol use. 

* Revision of the immunosuppression regimen, 
particularly duration of corticosteroid use. 

* Start antiresorptive agents: Alendronate 70 mg/wk 
after transplantation. 

* Calcium supplementation: 1-1.5 gm/day 

* Vitamin D supplementation: 400-800 TU/day 

* Intravenous pamidronate 
effective in preventing post-transplant bone loss in 
trabecular bone (i.e. lumbar spine) and not long 
bones! 

* Calcitonin: Available as injection and nasal inhaler. 
it decreases bone resorption through osteoclast activity 
inhibition effective in the treatment of corticosteroid- 
induced osteoporosis” used in patients who cannot 
tolerate bisphosphonate therapy. 


HYPERURICEMIA 


The incidence of hyperuricemia in post-transplant 
patients is > 40%. There is no significant difference in the 
development of gout in CsA and tacrolimus. 


ETIOLOGY 


Decreased uric acid clearance by the kidneys due to CIN 
induced decrease in GFR. Hyperuricemia may further 
decrease the renal function causing more hyperuricemia. 


RISK FACTORS 

* Immunosuppression: CINs 

* Obesity 

e Diuretic therapy: thiazide diuretics 


TREATMENT 


* Colchicine: Ist line treatment for gout. 

* NSAIDs have role, but used with caution in patients 
with compromised renal function. They may further 
reduce GFR. 

* Allopurinol: It is used as maintenance therapy to 
decrease the blood uric acid levels and to prevent the 
secondary attack on in patients with history of gout. 
Its use in liver transplant patients with hyperuricemia 
with increased serum creatinine is found to improve 
the renal function. In the absence of gout, allopurinol 
may be used to improve the renal function in patients 
with impaired GFR.!* Allopurinol should not be 
combined with azathioprine, as it interferes with 
metabolism of azathioprine. 


MALIGNANCY 


Liver transplant recipients have a high risk of developing 
de novo cancers as compared to the general population 
with a greater tendency to relapse, as a result of the 
immunosuppressive treatment, which they must endure 
for life, Various tumors seen in after liver transplantation 
are originating from skin, lung, urothelium, buccal cavity, 
brain, thyroid gland, stomach, non-hodgkins lymphoma 
and some unknown tumors. The most frequent 
neoplasms are skin cancers. The most common cancer 
types were lymphoma and skin cancer. Non-Hodgkin 
lymphoma in the form of PTLD occurs in male patients 
transplanted at a younger age, and soon after 
transplantation.! Some studies have reported that the 
use of an alternative immunosuppressive regimen, such 
as MMF, is associated with a lower risk for leukemia and 
lymphoma.!%131 Nonmelanoma skin cancer, on the other 
hand, occurred more often at an older age, and the risk 
did not vary between genders or with the time after 
transplantation. Induction therapy with antibodies was 
associated with a 6-fold risk of skin cancers in comparison 
with patients that had not received antibodies. 
Cutaneous malignancies and lymphomas are the most 
common after LTX. Incidence of malignancy rate ranges 
from 2.3 to 26,2%,!°7-1!3 In one study, GI malignancies 
(e.g. colon adenocarcinoma) constitute 46% of all nonskin 
and nonlymphoid tumors. Malignancies are one of the 
important causes of late mortality in long-term survivors 
of LTX.1416 Incidence of de novo malignancies is on rise 
in liver transplant patients. Aberg et al./?? reported that 
the cumulative incidence of post-transplant de novo 
cancer at 1, 5, 10, and 20 years was 3%, 5%, 13%, and 
16%, respectively. The respective cumulative de novo 
cancer related mortality rates were 0%, 1%, 2%, and 2%. 
Eighty percent of the post-transplant cancers were 
detected at an age of 45-74 years.?? Oropharyngeal 


cancers are more commonly seen in those with alcoholic 
liver disease and particularly in those with a smoking 
history.15 The rate of renal cell cancers was much higher 
in the series of cases from the Netherlands. Colonic 
cancers are more common in patients with PSC and IBD. 
Barrett's esophagitis is a risk for carcinoma esophagus. 


RISK FACTORS FOR POST-TRANSPLANT 
MALIGNANCIES!10114,117-120 


* Older age 

* Infection with hepatitis C and CMV 

* Prolonged exposure to immunosuppression 
* Tobacco use 

* Alcohol 

* Diagnosis at the time of transplantation 

* Child score at the time of transplantation 
* EBV seronegativity pretransplantation 

* Use of OKT3 


Alcohol and Tobacco 


Patients transplanted for alcoholic liver disease have a 
higher incidence of oropharyngeal tumors compared to 
other indications.'?! Long-term alcohol intake can induce 
genetic alterations that potentiate those of tobacco 
smoke.!22 


CINs 


Higher incidence of neoplasia in those receiving 
tacrolimus in comparison to cyclosporine.!!* Azathioprine 
has been found to be an independent risk factor for tumor 
development.’ But it is less frequently used in present 
LTX programs. 


Cutaneous Diseases 


Skin of transplant patient requires special attention. 
Mucocutaneous and dermatoligical manifestations of 
ESLD disappear after transplantation. Maculopapular 
lesions appear in graft versus host disease. Transplant 
patients are at increased risk of developing nonmelanotic 
Skin cancer and squamous cell cancer (around 70 times 
more than general population). Squamous cell carcinoma 
is more common followed by basal cell carcinoma.!?* 
Precautions to prevent skin cancers are to avoid intense 
exposure to sunlight, use of sunscreen lotions and dark 
clothes. Lesions like leukoplakia, verrucae should be 
referred for opinion of dermatologist. 


SURVIVAL 


Survival rate is better in cutaneous cancers than nonskin 
cancers. Use of adequate sunscreen is recommended 


along with an annual dermatology assessment. Higher 
mortality rate is in recipients with lung cancers and 
lymphomas.!!3 
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INTRODUCTION 

Pregnancy after liver transplantation is generally 
associated with good outcome and seem to not affect graft 
and patient survival.'? The first liver transplantation was 
performed in 1963 and the first delivery of liver 
transplanted woman was reported in 1978. In 1991, The 
National Transplantation Pregnancy Registry (NTPR) 
was established in USA with the aim of collecting and 
analyzing data about pregnancies and deliveries among 
graft recipients.! Women constitute one third of liver 
recipients and approximately 75% of female recipients 
are of reproductive age. In 50% of females with ESLD, 
menstrual problems are seen.? Amenorrhea and 
subfertility are common. Restoration of menstrual 
bleeding can occur in 2-6 months and >80% of patients 
regain their normal menstrual cycle within 8 months after 
transplantation.*5 


CONTRACEPTION AFTER TRANSPLANTATION 


All female recipients of childbearing age should be on 
contraceptives after transplantation. Low-dose hormonal 
contraception is effective, well tolerated, and without any 
adverse effects on the graft,” alternatively intrauterine 
contraceptive devices can be used. 


TIME INTERVAL BETWEEN 
TRANSPLANTATION AND PREGNANCY 


Usually 1-2 years in most of the transplant programs and 
is based on pregnancy in renal transplant recipients.” 
Intervals shorter than 12 months have been associated 
with poor outcomes and higher complication rates. This 
is due to increased incidence of graft rejection, infections 
and achievement of low immunosuppression levels. Rate 


of graft rejection in pregnancy ranges from 4 tol7% and 
responds to corticosteroid boluses.* 


IMMUNOSUPPRESSIVE DRUGS AND 
PREGNANCY 


Women planning for pregnancy should be referred to 
their transplant center for evaluation of their 
immunosuppression regimen prior to conception. All 
immunosuppressive agents cross placental barrier.!! 


CORTICOSTEROIDS 


Cross the placental barrier, but 90% of the maternal dose 
is metabolized within the placenta before reaching the 
fetus.!? 


CINs 


They cross the placental barrier and enter the fetal 
circulation? and the blood levels of these agents in the 
fetus are half the levels in the mother.5415 

Ina pregnant patient on cyclosporine treatment, there 
is increased risk of: 
* IUGR (Intrauterine growth retardation) 
* Preterm delivery 
* Pre-eclampsia!* 
* Hypertension (40%-46%)?7 

But after introduction of tacrolimus, the incidence of 
Pre-eclampsia and hypertension have decreased as 
compared to cyclosporine.*!5 There is no significance 
difference in the incidence of malformations in children 
of recipients of liver transplantation and general 
population (~ 3%).!% All the pregnancies after liver 
transplantation should be considered as high risk 
pregnancies. Tacrolimus-based immunosuppression is 
believed to be most beneficial for patient and graft 


survival in OLT recipients in comparison to a 
Cyclosporine A25 


MMF 


It should be avoided immediately prior to and during 
pregnancy. 

There have been reports of a greater frequency of 
pruritus and cholestasis of pregnancy among OLT 
recipients.?? 

In USA, rate of maternal hypertension was 35%, the 
rate of pre-eclampsia was 23%, and the rate of a rejection 
episode during pregnancy was 8%. Rate of 
complications in newborn in transplant recipients is 29% 
and no neonatal deaths?! Rate of birth defects in kidney 
transplant recipients on CINs is 4%% Patients with 
elevated serum creatinine and hypertension were at more 
risk for preterm delivery.7° 


DELIVERY IN LIVER TRANSPLANT RECIPIENT 


Pregnancy in these patients is considered high-risk but 
does not itself indicate the need for cesarean section. 
Vaginal delivery was observed to be uneventful and safe 
in women after liver transplantation. However the rate 
of cesarean section among liver recipients remains high 
and ranges from 45 to71%.?712725 Increased levels of 
prophylactic steroids may be necessary at delivery? One 
study reported that high rate of cesarean sections in liver 
recipients is associated with a great incidence of obstetric 
complications of pregnancy.” Safe and uneventful 
vaginal delivery is possible and associated with 
significantly shorter postpartum length of hospitaliza- 
tion.27 


BREASTFEEDING 


Prednisone and azathioprine are detected in small 
quantities in breast milk. CINs in breast milk usually 
reach the same concentrations close to that in maternal 
serum.*!? There are no definite guidelines for 
immunosuppression during lactation. American academy 
of pediatrics endorses breastfeeding by mothers taking 
prednisone but advises against breastfeeding by those 
taking cyclosporine due to possible immunosuppression 
and its unknown effect on growth or carcinogenesis. 
Recommendations are not clear for those taking 
tacrolimus or azathioprine. 
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INTRODUCTION 


Liver transplantation is an established treatment option 
for patients with ESLD and acute liver failure. Despite 
excellent long-term survival, disease recurrence after LTX 
is a relatively common problem, leading to progressive 
liver injury and, in some cases, cirrhosis. Wilson Disease,! 
g-1 antitrypsin deficiency, Glycogen storage diseases and 
Galactosemia are completely cured after LTX. In 
hemochromatosis, hepatic iron stores are corrected by 
LTX, but the metabolic defect persists. 


Diseases which recur after transplantation!!* 
* Hepatitis C 
* Hepatitis B 
* Autoimmune hepatitis 
* Primary biliary cirrhosis 
* Primary sclerosing cholangitis 
* Non-alcoholic fatty liver disease 
* Hereditary hemochromatosis 
* Budd chiari syndrome 
* Hepatocellular carcinoma 


HEPATITIS C VIRUS 

HCV recurrence defined by histologic injury is almost 
universal based on the presence of HCV RNA in the 
serum? and a significant proportion (20 to 30%) develops 
allograft cirrhosis by the fifth year post-transplant.*? HCV 
related cirrhosis is the leading indication for LTX in 
Western countries, where as HBV is most common cause 
in the Asian countries. During anhepatic period HCV 
RNA level will decline to low and sometimes even 
undetectable.5? Within 4-8 days after transplantation, 
viral levels often increase to levels » 20-times the pre- 
transplant period,!° peaking between 1 and 3 months 
post-transplantation. One-third of patient deaths after 
transplantation are related to recurrent HCV.!!/? Nearly 


all patients develop some evidence of histologic 
recurrence; approximately a third will develop only 
minimal fibrosis after 5 years of follow-up.!? 

Around 5% of transplant recipients develop a fibrosing 
cholestatic form of HCV, presenting as jaundice and 
elevated aminotransferases and histologically by fibrosis, 
hepatocyte apoptosis, and cholestasis by the end of 1 to 
3 months. This form rapidly progresses to graft loss in 
3-6 months.'+ These patients typically have very high 
serum HCV RNA levels with serum bilirubin level » 6 
mg/dL and alkaline phosphatase levels more than five 
times the upper limit of normal without any history of 
hepatic artery thrombosis or biliary complications. USG 
examination reveals no biliary tree dilatation. Liver biopsy 
reveals ballooning of hepatocytes predominantly in the 
perivenular zone, paucity of inflammation, and variable 
degrees of proliferation of cholangiolar proliferation 
without bile duct loss. Pathogenesis of this syndrome 
remains undefined, but preferential Th2 cytokine 
production by intrahepatic lymphocytes has been 
implicated!*/^ Treatment for this condition remains 
undefined, but is focused on reducing very high HCV 
RNA levels by reducing immunosuppression and 
indefinite use of interferon. Acute hepatitis C occurs in 
60 to 80% in 4 to 6 months after transplantation and 
chronic hepatitis C in 80 to 100% by the end of 1 to 4 
vears!81920 


Risk factors for HCV recurrence after LTX?! 
* Female recipient 
* Pre-LT viral load 
* Early post-LT viral load 
* Marginal donors 
* CMV infection 
* Diabetes mellitus 
* Prolonged warm ischemic time 


* Lack of CD;. response 

* Treatment of rejection with steroids 

* Treatment of rejection with anti-lymphocyte 
preparations 

* Metabolic syndrome. 


Differential diagnosis of HCV recurrence 
* Acute cellular rejection 
* Hepatic artery thrombosis 
* Other viral infection (CMV /EBV) 
* Autoimmune hepatitis. 


Diagnosis of HCV recurrence is important to avoid 
graft loss. Diagnosis depends on the clinical, laboratory 
evidence and confirmed by significant elevation of HCV 
RNA levels along with histological proof by liver biopsy. 
Histologic features of recurrent HCV and acute cellular 
rejection (ACR) overlap and can be difficult to distinguish. 
Distinction is not between recurrent HCV infection and 
ACR, but rather between ACR with or without underlying 
features of recurrent HCV infection. It is always important 
toavoid treatment for equivocal evidence of acute cellular 
rejection in patients with HCV because bolus 
corticosteroid doses are associated with rapid progression 
of fibrosis.!! Once cirrhosis develops in the transplant 
setting, two-thirds will develop decompensation within 
3 years.031 

Treatment with Pegylated interferon and Ribavirin was 
associated with virologic response rates of 12 to 26% and 
discontinuation rates of 30 to 37%.??33 Delaying antiviral 
therapy theoretically allows most patients time to be in 
better physical shape and to be maintained on lower doses 
of immunosuppressants (less bone marrow suppression), 
thereby allowing full antiviral therapy. 


Treatment of recurrent HCV infection after LTX 

Standard treatment: Interferon + Ribavarin 

Dose 

Interferon 

* Interferon &-2b: 3 million IU/thrice a week (or) 

e Pegylated interferon o-2a: 180 ug/week (or) 

* Pegylated Interferon a-2b: 1-1.5 ug/kg/week 
subcutaneously 

Ribavarin 

* Start ribavarin 600 mg/day, gradually increase upto 
1000-1200 mg/day 

Duration of treatment 

* Routine treatment: 24 weeks (SVR 60-80%) 

* For genotype 1 and 2: >24 to 48 weeks (SVR 35-45%) 
(depending on tolerance) 

* Ribavarin is continued for another 6 months after 
discontinuation of Interferon. 


Treatment response depends on 

* Genotype (Poor response in genotype 1 and 4) 

* Baseline viral load 

* Patient adherence 

* Early systemic virological response 

Monitoring of treatment response 

* HCV RNA by PCR 

* Baseline viral load at 4 weeks and then every 12 weeks 
to monitor SVR. 

* Genotyping 

* Histological confirmation by liver biopsy 


HEPATITIS B VIRUS 


Outcomes of patients transplanted for hepatitis B related 
ESLD have improved with the use of hepatitis Bimmune 
globulin and nucleoside (e.g., lamivudine and adefovir).** 
Priorto the use of HBIG, recurrence of HBV infection after 
transplantation was very high (>80% in patients alive for 
more than 2 months after LTX was a major factor in 73% 
of all post-LTX deaths beyond the first 60 days.” Once 
recurrence was established it frequently followed by an 
aggressive course, progressing from severe chronic 
hepatitis to cirrhosis and graft failure within 1 to 2 years 
of reinfection and a 2-year mortality of 50% compared 
with 20% among patients transplanted for other liver 
diseases. 


Risk of recurrence at 3 years in recipients 
according to the indication for LTX 
* Fulminant HBV 17% 


* HBV cirrhosis, HBV replication -ve 20-35 
* HBV cirrhosis, HBV replication +ve 30-80 
e Cirrhosis with co-infection HBV- HDV — 10-20 
* HDV-telated cirrhosis 32% 


Risk of recurrence of HBsAg at 3 years 
* HBV DNA + ve at the time of transplant: 83% 
* HBV DNA -ve and HBeAg +ve at the time of 
transplant: 66% 
* Both HBV DNA and HBeAg -ve: 58% 


Risk of recurrence is significantly reduced with long- 
term use of HBIG (>6 months) as compared to no 
immunoprophylaxis or short-term use (<6 months). 


Risk factors for HBV recurrence after LTX*7-5 
* HBV DNA >100,000 copies/mL at time of LTX 
* Low anti-HBs titers in patients with high viral load 
* Development of immune escape mutants 
* Pretransplant lamivudine resistance 
* HBV pre core mutants 


(0. Recurrent Diseasesatter Liver Transplantation — — OS 


Differential diagnosis of HBV recurrence 
, Acute cellular rejection 
, Non-HBV viral infection 
, Hepatic artery thrombosis 
, Autoimmune hepatitis 


Recurrence of HBV after transplantation is defined by 
presence of HBsAg. Once recurrence develops, continued 
use of HBIG is not useful as its role is purely prophylactic 
one. A study on role of lamivudine in recurrent HBV 
infection shows that, 60% had undetectable levels of HBV 
DNA after 52 weeks of therapy; however, 31% developed 
breakthrough infection secondary to lamivudine 
resistance. If recurrence develops in the setting of 
lamivudine use (i.e., presumed YMDD mutation), 
adefovir dipivoxil or Entecavir should be added to 
lamivudine until viral suppression is achieved. Most 
investigators recommend a minimum of 3 months overlap 
of the new drug with lamivudine.*5 

The combination of lamivudine and HBIG was shown 
to reduce post-transplant recurrence of hepatitis B to a 
rate of less than 1075.35 Oral antiviral agents like 
lamivudine and adefovir dipivoxil (in mutants) are given 
approximately 4 weeks before transplantation suppress 
viral replication and reduce the risk of allograft infection 
around the time of transplantation. Passive immunopro- 
phylaxis with hepatitis B immune globulin (HBIG) 
generally is given short term post-transplantation, and 
oral antiviral agents are continued indefinitely. Many 
transplant centers maintain a trough hepatitis B surface 
antibody (anti-HBs) titer > 100 IU/l after 6 months of 
transplantation. Five-year survival for patients with 
hepatitis B approaches 70%, similar to transplantation for 
other causes.!? 


TREATMENT OF RECIPIENT: HBIG THERAPY 
Intravenous HBIG during anhepatic phase 10,000 IU 
First 7 days: 10,000 IU/IV/day 


10,000 IU/IV/every month 


Aim: To maintain Anti HBs levels at 
0-2 weeks > 500 IU 
2-12 weeks > 250 IUA 
212 weeks > 100 IUA 
(Duration of HBIG treatment varies according to Anti HBs titer levels, 
usually > 6 months is preferred to reduce HBV recurrence) 


TREATMENT OF RECIPIENT: 
ORAL ANTIVIRAL AGENTS 


Pre-LTX. HBV DNA level > 100,000 copies/ml or Liver decompensation 


Start Lamivudine 100 mg/day, usually 4 weeks prior to LTX 
‘Continue Lamivudine for indefinite period 
Recurrence of HBsAg (No role of HBIG): Check for mutants 


10 1 (05 > 
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Role of active immunoprophylaxis (HBV vaccination): 
Studies from Barcelona group showed that 14/22 patients 
transplanted for HBV-related liver disease, who were 
receiving HBIG prophylaxis alone or in combination with 
lamivudine developed anti-HBs titers greater than 10 IU / 
ml after being immunized with one to two courses of 
double-dose recombinant HBV vaccine.*?° Another 
study reported of 9/12 patients developing anti-HBs titers 
>10 IU/ml after HBV vaccination. In these studies, HBIG 
or combination of HBIG and lamivudine was stopped and 
no HBV recurrence occurred over a mean post vaccination 
follow-up of 40 months.*!*? Another group reports similar 
success with 16/20 patients acquiring anti-HBs after 
vaccination allowing discontinuation of HBIG.5 It 
appears that successful vaccination followed by 
withdrawal of HBIG is possible and is possible with 
further studies involving larger number of patients will 
give adequate guidelines for such therapy. 


AUTOIMMUNE HEPATITIS 


First case of post-transplant recurrence of AIH in 1984 
when a 26-year-old woman developed histologic and 
serologic evidence of AIH after withdrawl of 
corticosteroids. The exact frequency of recurrence is 
unknown, and in early studies, was further confounded 
by lack of testing for HCV. Published reports have ranged 
from 2 to 422559? with 20 to 30% noted in most studies. 
The recurrence rate appears to increase over time, possibly 
due to reduction in immunosuppression over time. (8% 
at 1 year increasing to 67% at 5 years).55 


Recurrence can be indolent and only picked up by 
either routine laboratory testing or liver biopsy. Histologic 
findings of recurrent AIH may be less well developed 
than AIH in the pretransplant setting because of 
immunosuppressive therapy. Auto antibodies are often 
present, but they are usually present at lower titers than 
pre-transplant period, possibly due to impaired 
autoantibody formation in presence of immuno- 
suppression. It is important to recognize these auto 
antibodies which are also seen in de novo after liver 
transplant in the setting of rejection.*! Differentiating 
recurrent AIH from rejection on biopsy, namely chronic 
rejection can be difficult, especially because chronic 
rejection may be a complication of recurrent ATH. 


Risk factors for recurrent ATH55.56.58.63,64 
* HLA DR3 - positive recipients 
* Type 1 disease type 


* Suboptimal immunosuppression 


Differential diagnosis 
* Acute cellular rejection 
* Viral hepatitis (HCV) 
* Drug induced hepatitis 
* Hepatic artery thrombosis 
* Biliary obstruction 


But the course of the disease is mild and responds to 
modification in immunosuppression. De novo immune 
mediated hepatitis has also been reported.*^ An 
association exists between recurrence of AIH with 
reduction in immunosuppression,*? suggesting that 
patients with AIH may require higher doses of 
immunosuppressive medication and prompting 
recommendations to wean steroids with caution. 
Prognosis in children may be worse than in adults and 
rapid rates of recurrence. Five-year patient survival after 
transplantation ranges from 80 to 925.5755 There does not 
appear to be a difference between patient and graft 
survival in patients with and without recurrent disease. 


PRIMARY BILIARY CIRRHOSIS 

Recurrent primary biliary cirrhosis (PBC) after LTX was 
first described in 1982.°° PBC recurs in 15 to 30% of grafts, 
with a median time to recurrence of approximately 4 
years.”~74 The gold standard for diagnosing recurrent PBC 
is liver biopsy. The key definitive diagnostic criterion is 
demonstration of a florid duct lesion (granulomatous 
cholangitis) or destructive lymphocytic cholangitis within 
a dense portal infiltrate/5 Recurrent PBC is considered 
definite if three of the four portal tract lesions are present 
in a patient transplanted for PBC with persistently 


positive antimitochondrial antibody (AMA).” Although 
the AMA is the serologic hallmark of the disease in the 
pre-transplant setting, these antibodies can persist post- 
transplant, although there is typically a small and 
transient fall from pretransplant levels.” Their presence 
does not correlate with clinical or histologic disease. 


Risk factors for recurrence/55? 
* Younger donors 
* Older recipients 
* Prolonged warm ischemic time 
* Tacrolimus 


Differential diagnosis 
* Acute and chronic rejection 
* Graft versus host disease (GVHD) 
* Biliary obstruction 
* CMV and HCV 
* Fungal infections 


Ursodeoxycholic acid (UDCA) was shown to lower 
alkaline phosphatase levels in PBC patients after 
transplantation, although the long-term effect on 
preserving graft function is not known.? Immuno- 
suppression with azathioprine may have a protective 
effect on the rate of recurrence." 


PRIMARY SCLEROSING CHOLANGITIS 


Primary sclerosing cholangitis (PSC) recurs after 
transplantation, but can be difficult to distinguish from 
other causes of biliary strictures. Moreover, patients with 
PSC typically undergo choledochojejunostomy, making 
them susceptible to episodes of cholangitis." Recurrence 
rates of PSC ranged from 8.6 to 20% with no associated 
reduction in patient or graft survival’? Recurrent PSC 
recipients present with alkaline phosphatase > 250 U/1 
after 1 year, recurrence should be suspected and 
cholangiogram and/or liver biopsy is considered. The 
diagnosis of recurrent PSC is based largely on 
cholangiographic findings in combination with 
biochemical and histologic features of PSC. 


Differential diagnosis of PSC 
* Chronic rejection 
* Anastomotic and nonanastomotic strictures 
* Hepatic artery thrombosis 
* ABO incompatibility 
* CMV infection 
* Prolonged ischemia 


Steroid resistant rejection was a primary risk factor for 
recurrence, so it is important to ensure that patients 


transplanted for PSC receive adequate levels of 
immunosuppression.? There is no definite therapy to 
prevent or modify the rate of PSC recurrence. A trend 
toward lower rates of recurrent PSC in early withdrawal 
of corticosteroids has been suggested.** Whether 
corticosteroids avoidance only delays recurrence is not 
known. Use of OKT3 has been associated with higher risk 
of PSC recurrence. Use of high-dose UDCA (20 to 30 
mg/kg) may have clinical benefits in the pretransplant 
setting," however, the potential benefits in patients 
transplanted for PSC is unknown. 


ALCOHOLIC LIVER DISEASE 


Recurrence of alcohol use after transplantation 
(recidivism) is a major concern to the transplant centers 
across the world. Patients transplanted for alcohol-related 
cirrhosis have an excellent 5-year graft survival. 
Determining the frequency of alcohol use after LTX is 
difficult and is usually obtained by patient/family 
interviews, blood/urine testing or histologic findings. 
Recurrent alcohol use was reported in 20% of patients 
within the first year and 40% by the fifth year post- 
transplant.555? Only 10% of recipients resume to a 
pathologic pattern of drinking.5? 


Risk factors for ALD*!*° 
* Abstinence «6 months 
* Absence of a life insurance policy 
* Family history of alcoholism. 
* Prior alcohol rehabilitation 
* History of drug abuse 
* Daily alcohol consumption 


In recipients of ALD who resume moderate to heavy 
drinking, alcohol will damage the allograft either by 
developing recurrent ALD or by development of ACR 
or chronic rejection, due to noncompliance.” Cuadrado 
et al. reported that 10-year survival rates in patients with 
recidivism to be significantly lower than those without 
recidivism i.e. 45.1 vs. 85.5%, respectively.’ The high 
mortality rate in this study was explained by more 
frequent cancer and cardiovascular events. Recidivism 
does not appear to directly lead to recurrent ALD. Heavy 
alcohol use after transplantation can contribute 
significantly to other health problems. Patients 
transplanted for ALD are at a much greater risk of 
developing head and neck malignancies, especially if 
thereisa history of heavy tobacco use. In addition, alcohol 
use in patients infected with HCV has potential to result 
in rapid recurrence of HCV in the allograft.” Patients 
transplanted for alcohol-related cirrhosis should be 
regularly asked about any alcohol consumption, and 


continued participation in a substance abuse program is 
encouraged. 


HEREDITARY HEMOCHROMATOSIS 


5-year survival of patients transplanted for 
hemochromatosis was only 34%.10? In patients of 
hereditary hemochromatosis is associated with an 
increased risk of'00102 
* Infection 
* Hepatocellular carcinoma 
e Cardiac arrhythmias. 

These patients should be phlebotomized before and 
after transplantation, to maximize outcomes and to 
prevent the recurrence.!% 


NONALCOHOLIC STEATOHEPATITIS (NASH) 


NASH is an important indication for liver transplantation. 
NASH recurs in 11 to 38% of cases, related in part to 
weight gain and the metabolic side effects of 
immunosuppressive treatment.1?*!05 Approximately 
12.5% of patients transplanted for NASH develop 
cirrhosis in the graft. 


RECURRENT BUDD-CHIARI SYNDROME 


Hepatic venous outflow obstruction at any level ranging 
from small hepatic veins to the junction of the inferior 
vena cava and the right atrium is termed Budd-Chiari 
Syndrome (BCS). Cause is due to hypercoagulable states 
related to underlying myeloproliferative disease (MPD) 
or inherited thrombogenic diseases. Treatment includes 
anticoagulation, diuretics, treating underlying 
hematologic disorder, TIPS and LTX depending upon the 
severity and level of obstruction. The risk of recurrence 
after transplantation for BCS around 8.5% (0 to 27%), 106109 
Most cases of recurrence are due to suboptimal levels of 
anticoagulation. Recurrence usually develops months to 
years after transplantation but can also recur in early post- 
transplant period.!* Anticoagulation is not required for 
patients transplanted for protein C, protein S and 
antithrombin III deficiencies, as transplantation cures the 
underlying thrombogenic disorder. All other patients 
transplanted for BCS require long-term anticoagulation. 
Hydroxyurea and aspirin are used as an alternative to 
anticoagulation in patients with underlying myeloproli- 
ferative disease.!0* 


HEPATOCELLULAR CARCINOMA 


Recurrence of hepatocellular carcinoma can be decreased 
following liver transplantation by appropriate patient 


selection. Tumor staging was reported as one of the most 
important predictive factors for patient outcome,!!! which 
supports the usage of the Milan criteria to select OLT 
candidates. Despite of all precautions 10-60% of HCC 
patients have recurrences after liver transplanta- 
tion.!!2113.117 AFP mRNA in the bone marrow and 
Systemic circulation during the perioperative period 
predict patient survival and recurrence after living donor 
liver transplantation for HCC.""* in transplant recipients, 
HBV and HCC recurrences are closely correlated. The 
recurrences of HBV and HCC have reduced the recurrence 
free survival of HCC and HBV, respectively.!!5 


Risk factors for HCC recurrence!!115116 
* Tumor size >5 cm 


* Presence of cirrhosis 


* Gilbert syndrome 
* Malignant tumors 
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INTRODUCTION 


Retransplantation (Re-TX) is the only life saving and 
therapeutic option for irreversible liver graft failure and 
constitutes 8 to 17% of procedures in several studies. 
Earlier reports suggest that the survival after liver 
retransplantation (Re-TX) is inferior to that for primary 
liver transplantation.’ The reported 1-year patient or graft 
survival rates after Re-TX ranges from 50 to 6095.1? Careful 
analysis of the potential benefits is essential to justify its 
role in an era of organ shortage and rising costs. However, 
medical, ethical, and financial aspects concerning this 
procedure are complex and somewhat controversial.2> 
Patients undergoing early Re-TX for acute HAT 
thrombosis or PNF fare better than late retransplanta- 
tion."! The need for emergent early Re-TX is progressively 
declining due to improvements in immunosuppressive 
therapy, surgical technique, organ preservation, and a 
better understanding of primary nonfunction.? 


PREDICTIVE FACTORS OF 

OUTCOME AFTER RE-TX25-8.14 

* Recipient age 

* Bilirubin 

Creatinine 

Coagulation factors (Prothrombin time) 

Graft quality 

Cold ischemic time 

Indication for re-OLT 

Interval following primary transplantation 

Need for prolonged intensive care/mechanical 
ventilation. 

An expected 1-year survival rate of less than 40% is 
considered a contraindication for Re-TX® and urgent Re- 
TX should be considered with caution and on a case-by- 
case basis? Living-related TX may be an option.’ In the 
future, the need for late liver re-OLT may represent a 


ecc ee o n 


growing problem. Recurrence of viral disease (HCV) and 
chronic biliary graft failure may increase further? Re- 
TX for HCV recurrence carries worse prognosis. 


SURVIVAL AFTER RE-TX 


Potsma et al. reported overall good results after Re-TX 
of the liver in adults with 1- and 5-year patient survival 
of 73 and 63%, respectively. Yao et al suggested that 
severity of graft failure based on CTP and MELD scores 
may be associated with worse outcomes after re-OLT, 
namely 1- and 5-year survival rates of 69 and 6295.5 
Recent reports suggest that better survival can be obtained 
after Re-TX. Adani et al. report a limited single-center 
experience in late liver re-OLT achieving 1-year patient 
survival of 8475.15 Gustafsson et al. reported that an 84% 
overall survival in the elective Re-TX group and 57% 
survival in urgent Re-TX group. 

Maggi et al.'5 recently reported that the 1-, 3-, 5-, and 
10-year Re-TX actuarial graft survivals were 59%, 50%, 
50%, and 50%. 1-, 3-, 5-, and 10-year actuarial patient 
survivals for the 32 patients from the first transplantation, 
were 78%, 65%, 62%, and 56%, respectively. He reported 
that donor age, recipient sex and MELD score can 
represent significant prognostic scores for liver Re-TX. 
Survival rate after late Re-TX is improving and is 
presently quite high; consequently it should be considered 
an efficient way to save lives, especially by defining the 
optimal timing for retransplantation.!ó Careful clinical 
assessment and timing, when possible, are essential in 
order to avoid urgent Re-TX.' Re-TX is a life saving 
procedure. Re-TX can be considered the only alternative 
to death. However, graft survival after Re-TX is, in the 
largest series, 20% lower than that after primary TX, which 
means that there is a waste of grafts and resources. Efforts 
to identify the best graft for a given recipients are 
needed.!5 
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INTRODUCTION 


Pediatric patients had unacceptably high morbidity and 
mortality rates while awaiting LTX due to shortage of 
liver allografts. This donor-recipient disparity in children 
reportedly caused pretransplant mortality rates as high 
as 25-50%. 


ISSUES RELATED TO PEDIATRIC 
PRETRANSPLANT CARE 


Children with ESLD may manifest with several serious 
complications such as malnutrition, recurrent infections 
particularly related to biliary tract, signs of portal 
hypertension, renal problems, vascular complications and 
osteopenia. 


MALNUTRITION 


It is defined as body weight below third percentile. 50- 
60% of children have malnutrition in cholestatic liver 
diseases due to fatty malabsorption and catabolic state. 
Nutritional supplementation with medium chain 
triglycerides, lipid infusions, fat soluble vitamins Protein 
supplementation with branched chain amino acids are 
used to correct malnutrition and to build the patient for 
surgery. 


INFECTIONS 


Bacterial infections are most common and are often related 
to central lines (Strep faecalis, Strep viridans, 
Pseudomonas Aeroginosa and Staph Aureus). Pulmonary 
infections also occur frequently. Subacute bacterial 
peritonitis accounts for 30-40% of infection in patients 
with ascites. Clinical suspicion and early treatment by 
proper antibiotics is important. Fungal infections (candida 
and aspergillus) are more common in ALF with acute 
hepatic necrosis pretransplant. Young, small patients with 


long PICU stays and prolonged ventilation are most at 
tisk of infection. 


VASCULAR COMPLICATIONS 


In cases of EHBA various congenital anomalies are seen 
such as: 
* Hypoplasia or aplasia of portal vein 
* Aplasia of suprarenal IVC 
* Preduodenal portal vein 
* Polysplenia or Asplenia 
* Abdominal situs inversus. 

These conditions should be recognized pretransplant 
evaluation and proper modification in the techniques is 
planned to achieve good outcome. 


ACUTE ON CHRONIC LIVER FAILURE 


This condition is usually manifested due to infection or 
Gl bleeding. Metabolic imbalance leads to hypoglycemia, 
acidosis, cerebral edema, shock and multiorgan failure. 
Development of cerebral edema and multiorgan failure 
carries a grave prognosis. Artificial liver supporting 
systems such as MARS are useful till the suitable donor 
is available. 

Other complications of portal hypertension, HRS, 
pulmonary hypertension are discussed in respective 
chapters. 


DONOR POOL FOR PEDIATRIC 
TRANSPLANTATION 


Both cadaver donor and liver related donors provide 
allografts for children. Commonly left lateral segment 
(segment 2 and 3) graft is harvested from the live related 
donor and in grown up children, a left lobe graft can be 
used. But when deceased donor is available for a child 
on waiting list either reduced size transplantation or split 


liver transplantation techniques are used. Auxiliary 
partial orthotopic liver transplantation (APOLT) has a role 
in acute liver failure and metabolic liver diseases like 
Crigler-Najjar syndrome where APOLT will provide the 
missing enzyme, uridine diphosphate (UDP) glucuronyl 
transferase and the preserved native liver could act as 
a safety net in case of graft dysfunction. Domino LTX are 
also a possibility if recipients have familial amyloid 
polyneuropathy. Split LTX is a technically difficult, but 
à good option in children. 


ADVANTAGES OF LDLT! 


Elective surgery carried out when the recipient is 
relatively stable. 

. Ischemic liver injury due to prolonged CIT and 
subsequent poor function of the graft are avoided. 


REDUCED-SIZE LIVER 
TRANSPLANTATION (RSLT) 


In children, more than 75% of ESLD occurs in children 
«2 years. A child s small size is an inherent disadvantage 
in the competition for a donor liver as most of the donor 
organs are from brain dead adult patients. This donor- 
recipient size mismatch prompted the development of 
RSLT. First transplantation of part of a liver was 
performed in a heterotopic fashion and was reported by 
Fortner in 1979. Orthotopic transplantation of a reduced- 
size allograft was first reported by Bismuth in 1984. In 
RSLT, the liver allograft can be tailored on the back table 
to a variety of functional lobes or segments. Segment 2 
and 3 (left lateral segment) or segment 2, 3, and 4 (left 
lobe) are commonly used in children. Right lobe grafts 
are rarely used in pediatric population due to size 
discrepancy. Previously when a left lateral segment or 
leftlobe allograft was used in RSLT, the remaining right- 
sided liver parenchyma used to be discarded. But the 
emergence of split liver transplantation to increase the 
donor pool has given an opportunity to use the right lobe 
graft for an adult patient on waiting list. Due to emergence 
of split liver transplantation, reduced size transplantation 
is rarely practiced in present days. 


SPLIT LIVER TRANSPLANTATION 


Split liver transplantation is becoming used more widely 
with increasing experience in surgical techniques of 
transplantation. In a normal individual, liver constitutes 
2% of the body weight; the right lobe constitutes 60%, 
left lobe 40%, and the left lateral segment 25% of standard 
liver volume. A graft-to-recipient weight ratio (GRWR, 


expressed as % of body weight) between 0.8 to 1.0 is 
considered as adequate. 


SMALL FOR SIZE SYNDROME 


Small for size syndrome, due to inadequate graft size is 
almost never encountered in pediatric patients as the graft 
size is often larger than required, causing problems with 
abdominal wall closure. Now the option of transplanting 
nonsegment grafts for neonates is evolving. Large for size 
is rarely seen, leading to graft necrosis, if the GRWR is 
more than 4-5%, 


SELECTION OF GRAFT 


Selection of graft according to age: 
Infants: Left lateral segment graft 

, Small children «12 years: Left lobe graft 
Adolescents: Right lobe grafts. 


INDICATIONS 
EXTRAHEPATIC BILIARY ATRESIA (EHBA) 


This is the most common indication for liver 
transplantation in children and accounts for >50% cases 
of pediatric transplants. But majority of children (>80%) 
are asymptomatic at birth. Infection or infection induced 
immunological theory is the cause for cholestatic cirrhosis 
in these patients. Infants become symptomatic in first few 
weeks after birth with a rapidly progressing cholestatic 
liver disease and signs of decompensated liver disease 
in the first 6 months. Survival beyond 2 years without 
transplantation is difficult. 

The primary surgical procedure in EHBA is the Kasai 
procedure, i.e. hepato-portoenterostomy. It should be 
carried as early as possible once the diagnosis of EHBA 
is made. Delayed surgical intervention after 2 months is 
associated with more unfavorable outcomes. It is usually 
effective in 50-60% of children if carried out early after 
the diagnosis of EHBA. Rest 30-40% children need early 
LTX. Longterm survival with Kasai procedure and 
without LTX is <10%, Even with successful drainage and 
normalization of bilirubin, frequent problems of recurrent 
cholangitis and eventually development of cirrhosis and 
portal hypertension, necessitating transplant at a later 
period of life. If the biliary drainage cannot be established 
effectively by Kasai procedure, early transplantation is 
necessary to avoid complications like progressive 
cholestasis, infection, failure to thrive and signs of portal 
hypertension. OLT appears to be a very effective 
treatment modality for biliary atresia, with 1-, 5-, and 
10-year actuarial survival for patients undergoing 
primary OLT for biliary atresia of 92.1%, 87.2%, and 85.8% 


respectively.? The most common causes of death after 
primary OLT for biliary atresia are graft failure and 
infection. Early deaths («90 days post-OLT) were more 
often caused by graft failure, whereas late deaths (>90 
days post-OLT) were more likely to be caused by 
malignancy, especially post-transplant lymphoproli- 
ferative disease (PTLD).5 


DRUG TOXICITY 


Acetaminophen over dose is one of the important causes 
in this group. In children it is usually controlled by 
conservative treatment and rarely requires 
transplantation. 


ACUTE LIVER FAILURE 

Presentation, definition and etiology of ALF in children 
is different from adults. In infants and young children, 
early hepatic encephalopathy (HE) is difficult to assess 
and is not evident until the late stage of HE? 


Definition of ALF in Children? 


* Biochemical evidence of liver injury 

* No history of chronic liver disease 

* Coagulopathy not corrected by vitamin K 

* INR» 1. in presence of HE and > 2 in absence of HE. 


Common Cause of ALF in Children* 

Sero-negative hepatitis (non A-E). (49%), 
Acute acetaminophen toxicity (14%) 
Metabolic disease (10%) 

Autoimmune liver disease (6%) 

Non acetaminophen drug-related toxicity (5%) 
Infections (6%) 

Other causes (10%). 


Common Causes of ALF in Infants 


* Metabolic disorders 
- Galactosemia 
- Tyrosinemia 
- Hereditary fructose intolerance 
* Perinatal acquired infection 
* Others (less common) 
— Fatty acid oxidation defects 
- Mitochondrial respiratory chain defects 
- Hemophagocytic lymphohistiocytosis also can 
cause ALF^ 


WILSON'S DISEASE 


Wilson's disease can cause ESLD or present with acute 
liver failure. But the incidence of acute liver failure is less 
below 10 years of age. 


VIRAL HEPATITIS 


Hepatitis due to HBV and HCV is rare in pediatric 
patients unlike adults and accounts for 5-10% of cases. 
Herpes simplex virus is the most common cause of ALF 
in neonates. 


NEONATAL HEMOCHROMATOSIS 


This presents during the newborn period. Etiology is 
unknown and it is thought to be due to gestational 
alloimmune disease process.5 During pregnancy these 
patients have oligohydramnios, reduced fetal 
movements, edematous placenta, IUGR. 


Diagnosis in Newborn Babies is by the Presence of 79 


e ALF with high ferritin levels 

* Iron deposition is seen in minor salivary glands on 
biopsy 

* MRI: Iron deposits in the extrahepatic reticuloendo- 
thelial system. 


Treatment" 

N-acetyl cysteine 

Vitamin E 

Desferrioxamine 

Selenium 

Prostaglandin E1 

Liver transplantation is the last treatment. 


AUTOIMMUNE HEPATITIS 


Autoimmune hepatitis can cause ESLD or acute liver 
failure requiring transplantation. 


TYROSINEMIA 


Itis usually diagnosed when succinyl acetone is detected 
in the urine. Cirrhosis and HCC are usually associated 
at the time of diagnosis. a-Fetoprotein levels gives clue 
to the diagnosis of early HCC. Itis treated medically with 
nitro-trifluoromethyl benzoyl cyclohexanedione, which 
reduces the formation of toxic metabolites.’ Presence of 
ALF or HCC usually requires early transplantation. 


Indications for liver transplantation 
in pediatric age group™* 
Cholestatic conditions 

Extrahepatic biliary atresia (Most common: >50% 
cases) 

Progressive familial intrahepatic cholestasis type 1,2 
and 3 

Alagille syndrome 


Sclerosing cholangitis 

Idiopathic cholestasis 

Total parenteral nutrition associated cholestasis 
Acute liver failure 
Metabolic liver disease 

Wilson's disease 

a 1-Antitrypsin deficiency 


Glycogen storage disease 
Crigler-Najjar syndrome 
Branched chain amino acid catabolism disorders 
Protoporphyria 
Autoimmune hepatitis type 1 and 2 
Hepatic tumors: Hepatoblastoma, Hepatocellular 
carcinoma 
Drug toxicity: Acetaminophen 
Secondary liver diseases 
Post-traumatic or post liver resection for hepatic 
tumors 
Veno-occlusive disease 
Post-chemotherapy 
Budd-chiari syndrome 
Viral hepatitis (less common): HBV, HCV 
Miscellaneous 
Cryptogenic cirrhosis 
Primary hyperoxaluria 
Urea cycle defects 
Cystic fibrosis 
Neonatal hemochromatosis 
Congenital hepatic fibrosis 
Respiratory chain disorder 
Retransplantation 


MALIGNANCY 


Hepatoblastoma, more commonly is an indications for 
transplantation followed by vascular tumors, like heman- 
gioendothelioma. Hepatocellular carcinoma is less 
common in pediatric population unlike adults. 


ROLE OF MULTI-VISCERAL 
TRANSPLANTATION IN CHILDREN 


INDICATION FOR COMBINED LIVER-KIDNEY 

TRANSPLANTATION 

* Primary hyperoxaluria 

* Congenital hepatic fibrosis with polycystic kidney 
disease 

* In recipients with ESRD (HRS is not an indication for 
renal transplantation). 


PRIMARY HYPEROXALURIA 


Tn this condition there is systemic oxalate deposition and 
renal failure due to deficiency of a hepatic enzyme called 
alanine glyoxyl transferase. Renal transplantation is 
required to treat renal failure and LTX for replacement 
of the enzyme deficiency.!° 


CONGENITAL HEPATIC FIBROSIS AND POLYCYSTIC 

KIDNEY DISEASE 

In this condition, Indication of combined transplantation 

is presence of: 

* Recurrent cholangitis 

* Portal hypertension complications not responding to 
conservative treatment 

* Renal failure. 


TPN-RELATED CHOLESTASIS 


Tn children who are on longterm total parental nutrition 
due to extensive or multiple bowel resections develop 
short bowel syndrome and cholestasis requiring 
combined liver and small bowel transplantation. 


IMMUNODEFICIENCY WITH ESLD 


Tn children with immunodeficiency with liver diseases 
like sclerosing cholangitis, combined liver and bone 
marrow transplantation are indicated. 


Contraindications for liver transplantation in 

children 

Contraindications 

Coma with irreversible brain injury 

Uncontrolled systemic infection 

Extrahepatic metastatic liver tumor 

Terminal progressive systemic disease 

Advanced liver disease with more than one organ failure 


RECIPIENT EVALUATION AND ASSESSMENT 


Aim of this evaluation and assessment is recognize the 
suitable recipient and to establishing a relationship and 
trust between patient, relatives and the transplant team, 
including understanding the complexity of transplant 
operations, realities, expectations from the procedure, and 
the outcome. The transplant surgeon, pediatric 
hepatologist, and transplant coordinator can play a vital 
role. Post-transplant complications, immunosuppression, 
nutrition, growth and developmental issues should be 
explained in detail to the family. 


Pretransplant Preparation 


Immunization status should be checked, if not children 
should beimmunized well in advance. In diseases causing 
chronic cholestasis, malnourished is common. Nutritional 
replacement is started via oral/nasogastric tube/ 
parenteral nutrition. Addition of fat-soluble vitamins is 
necessary. Antibiotics are used in cholangitis or any 
clinical suspected of infection. Neurologic consultation 
is necessary as it is very difficult to diagnose neurological 
deficits in small, critically ill children. 


Pediatric recipient evaluation and assessment™* 
complete hemogram and coagulation profile and 
blood type 


Disease specific: 
Autoimmune diseases: Antinuclear antibody, IgG. 

Anti smooth muscle antibody 
Liver kidney microsomal antibody 
Anti neutrophil cytoplasmic 
antibody 

Serum ceruloplasmin level 
24-hour urine copper 


Wilson's disease: 


a1-Antitrypsin deficiency: Phenotyping 

Neonatal hemochromatosis: Serum ferritin, transferrin levels 
Iron studies 
Salivarygland biopsy ( in selected 
cases) 
MRI of pancreas 

HBV: HBsAg, HBeAg, Anti HBs Ab, Anti HBc Ab, 

Anti HBe 

HBV DNA, Mutations in HBV 

HCV: HCV RNA, Genotyping 

HAV: Anti HAV Ig M 


CMV screening: 

Age > 1 year: IgG and IgM titers 

Age < 1 year: Urine CMV shell viral culture 
EBV screening: IgG and IgM titers 
Varicella zoster: IgG and IgM 


Rubella: IgG and IgM 
Toxoplasma: IgG 
Syphilis: Rapid plasma reagin (RPR) test (VDRL) 


Screening for HIV 1 and 2 (HTLV III) 
HCC screening: AFP, CEA, CA-19-9 (not routinely done) 
Metabolic: 

Bone density study 

Blood glucose level 

Arterial blood gas analysis 

Blood lactate, ammonia and pyruvate levels 
Radiology: 
Chest X-ray, Ultrasound of abdomen, Echocardiogram and 
Doppler US, CT and MRI scan of abdomen 


PELD Scoring System 

UNOS has used the pediatric end-stage liver disease 
(PELD) scoring system as a means for prioritizing children 
for LTX since February 2002. 


PELD Score 


[0.436 (Age <1 year)] — [0.687 x Loge (albumin g/dL)] 
+ [0.480 x Loge (total bilirubin mg/dL)] + [1.857 x Loge 
(INR)] + [0.667 (Growth failure) (<2 Standard Deviations 
present)]. 


Immunosuppression 


Drugs which are used in adults such as corticosteroids, 
CINs (cyclosporine and tacrolimus), MMF and sirolimus 
can also be used in pediatric patients for maintenance 
of immunosuppression. For induction therapy, IL-2 
receptor antibodies such as Basiliximab or Daclizumab, 
anti-CD3 monoclonal antibody (OKT3) and polyclonal 
antilymphocyte preparations, such as antilymphocyte 
globulin (ALG) and antithymocyte globulin (ATG) can 
be used. 

Most transplant programs use triple immuno- 
suppression therapy with CINs, corticosteroids and 
induction therapy with interleukin-2 receptor antibodies 
(Basiliximab). Immediately after transplantation induction 
therapy with steroids and IL-2 receptor antibodies 
(Daclizumab: 1 mg/kg IV, every 2 weeks, 1 to 3 doses 
or Basiliximab: 20 mg within 6 hours of reperfusion and 
on day 4 of post-transplantation) is started. CINs 
(preferably tacrolimus 0.15 mg/kg/day in 2 doses) are 
started on postoperative day 1 to day 5 days depending 
on the center’s protocols. MMF (15 mg/kg BID) is also 
used in combination with CINs in some centers. It is 
important to wean off steroids as early as possible (usually 
3months) to prevent growth impairment and bone related 
complications. In patients transplanted for autoimmune 
hepatitis or chronic rejection, or those who develop 
recurrent or de novo autoimmune hepatitis,!! 
immunosuppression is tailored and generally includes 
triple therapy at least for the first year (i.e. tacrolimus 
or prednisone with MMF, azathioprine or sirolimus).!2 
Higher dose of immunosuppression exposes the children 
to PTLD which is seen in 20% of the pediatric transplants, 
more in children on tacrolimus. This is due to high 
prevalence of EBV in donors in comparison to zero 
prevalence in pediatric patients. Long-term complications 
of CINs are nephrotoxicity, hypertension, and cardio- 
vascular complications needs trough level monitoring and 
dose adjustment of CINs. Diarrhea and gastroenteritis will 
reduce the immunosuppression levels exposing the 
patients to more risk of rejection. So drug levels should 
be closely monitored during such episodes of defective 
drug absorption. 


POSTOPERATIVE COMPLICATIONS 


The prevalence of medical complications is as high as 60- 
80% in pediatric patients. 


Various complications? seen in pediatric liver transplant 
recipients are: 

, Bleeding 

Primary nonfunction 

Hepatic artery thrombosis 

Portal vein thrombosis 

Rejection (seen in 50-60% children in Ist week) 
Biliary complications: Bile leak/biloma /stricture 

, Intestinal perforation 

, Infections: Bacterial/Viral/Fungal 

Renal complications 

Growth failure 

Post-transplant lymphoproliferative disease (PTLD) 


BLEEDING 

Immediate postoperative bleeding requires re-exploration 
and control bleeding. Similarly intestinal perforation 
presents as early peritonitis in 1-4 days after 
transplantation, requires re-exploration. 


HA THROMBOSIS 


In pediatric transplants incidence of hepatic artery 
thrombosis (HAT) is much more than adults (9-18% vs. 
5%). Prophylactic continuous heparin infusion in early 
post-transplant period, close monitoring with regular 
DUS and early intervention in case of HAT are the 
essential steps towards successful management of HAT 
and to avoid early retransplantation or mortality. HA 
complications lead to biliary complications secondary to 
ischemic injury. Biliary, arterial, portal, intestinal and 
bleeding complications have reached a prevalence of 
<10% due to the improvement in surgical techniques and 
better postoperative care. 


IL-2 RECEPTOR ANTIBODIES AND REJECTION 


In pediatric transplant who receive IL-2 receptor 
antibodies as induction therapy, the incidence of early 
acute rejection is reduced. Rejection episodes are 
postponed till 3rd or 4th week in post-transplant period 
and these episodes have atypical presentation. The 
incidence of steroid resistant rejection has not been 
changed in recipients where IL-2 receptor antibodies are 
used. 


INFECTIONS 

Infectious (bacterial, viral, and fungal) complications are 
à significant cause of morbidity and mortality after 
transplantation. 


BACTERIAL INFECTIONS 


Bacterial infections such as staphylococcus and E. coli are 
common. Pneumonitis, peritonitis, septicemia, abscesses 
in kidney and brain can occur in pediatric transplant 
recipients. Prophylactic antibiotics are continued 
routinely in all pediatric patients in order to avoid such 
infections. Daily cultures of sputum, blood, urine and 
abdominal drain fluid and central line tip are also sent 
for culture to detect early infections. 


VIRAL INFECTIONS 
Post-transplant EBV and CMV infection is more in 
pediatric transplants as the recipients are usually negative 
for both the viruses where in adults donors are often 
positive. Liberal prophylactic protocols with ganciclovir 
or acyclovir or hyper immune anti-CMV IgG have been 
used against these infections in various transplant 
programs. High immunosuppression exposes the 
pediatric patients to risk of PTLD. However the infection 
of EBV ranges from mild seroconversion asymptomatic 
seroconversion, to symptoms of fever or diarrhea, to 
PTLD. EBV infection can be diagnosed by estimation of 
viral load by PCR technique. Immunosuppression is 
reduced or can be omitted temporarily till the clinical 
improvement and decrease in viral load. Treatment 
includes use of ganciclovir, CMV-IgG and selectively 
rituximab (in cases of CD 20 positive cells on 
immunostaining) monoclonal antibody, can be 
undertaken. 

Other complications are discussed in detail in the 
respective chapters. 


Analgesia 

Regardless of the timing of extubation, children require 
effective analgesia in the postoperative period. The most 
popular form of analgesia remains morphine, either as 
a simple infusion (0-40 +g/kg/hour), patient controlled 
analgesia, or nurse controlled analgesia. Some authors 
suggest that there may be less need for opiate analgesia 
after liver transplantation.??! There are no published 
reports of use of epidural analgesia in children 
undergoing LTX. There is, however, one case report of 
the use of caudal morphine, which suggested that it 
facilitated immediate extubation and reduced 
requirement for systemic analgesia. 


Post-transplant Vaccination 


It is usually recommended to use Hepatitis B vaccine in 
post-transplant period and to delay other vaccines until 


the end of 6 months as the fluctuation in immuno- 
suppression trough levels are high during this period and 
higher dose of immunosuppression is maintain in the 
early post-transplant period to prevent rejection. 


POST-TRANSPLANT LIFE IN CHILDREN 


The long-term life after transplantation depends on 
immunosuppression, compliance, viral infections, 
vascular complications and impairment of hepatic, renal, 
biliary and cerebral functions. CINs are associated with 
attention deficit syndrome and convulsions in children 
with pre-existing brain damage and it affects the post- 
transplant life quality. Renal dysfunction is also 
influenced by CINs. Hypertension is seen in 20-40% of 
pediatric transplants. Viral infections particularly CMV 
and EBV and related PTLD affect the quality of life on 
longterm. Close monitoring of EBV serology and EBV 
PCR is essential in children. Early vascular interventions 
to deal vascular complications, biliary complications also 
influence the quality of life. The long-term results of 
pediatric transplants are good with 1 year survival 90- 
95% and 10 year survival around 80%. 


COMPLIANCE 


Compliance is very important in any solid organ 
transplantation. Lack of compliance to immuno- 
suppressive medications is the leading cause of late 
morbidity in children and adolescents after solid organ 
transplantation. The estimated rate of noncompliance 
varies from 5 to 29%. Noncompliant (Nonadherent) 
behavior has been linked to negative outcomes in 
transplantation, primarily rejection, which leads to graft 
loss. Reports have also linked noncompliant behavior to 
chronic rejection.!*5 The transition of responsibility for 
medication taking occurred approximately at the age of 
12 years. The most common reason cited for not taking 
medications is forgetfulness, but not side effects due to 
immunosuppressive medication. 

Risk factors for noncompliance in solid organ 
transplants:!¢ 


Major Risk Factors 


Major risk factors in noncompliance:!é 

* Childhood or adolescence: a major risk factor 

* Pre-transplant noncompliance 

* Disturbing side effects of the medication 

* Use of alcohol or drugs 

* Lack of knowledge about the post-transplant regimen 


* Psychiatric disorders such as depression, anxiety, 
personality disorder 
* Dementia or cognitive impairment. 


Minor Risk Factors 


Minor risk factors in noncompliance:'* 

* Longer time of post-transplant follow-up 

* Poor perceived health status 

e Lack of formal health education 

* Dissatisfaction with care 

* Severity of illness/postoperative complications. 


CAUSES OF NONCOMPLIANCE IN CHILDREN':!* 


Child abuse (physical or sexual) 

Not having two parents at home 

Having received public assistance 

Substance abuse 

Having been diagnosed with a psychiatric disorder 
History of being a school dropout 

Pre-transplant diagnosis of autoimmune hepatitis 
Post-traumatic stress disorder 


Methods to Monitor 
There are 2 methods to monitor compliance:!? 


Subjective method: Direct questioning or questionnaires 
method. It is not a reliable method of assessing 
compliance. 


Objective method: Monitoring of trough levels of 
immunosuppressant drugs. 


REFERENCES - 


1. EmreS. Living-donor liver transplantation in children. Pediatr 
Transplant 2002,6(1):43-46. 
2. Rivera-Penera T, Moreno J, Skaff C, et al. Delayed 
encephalopathy in fulminant hepatic failure in the pediatric 
population and the role of liver transplantation. J Pediatr 
Gastroenterol Nutr 1997,24(2):128-34. 
Bucuvalas J, Yazigi N, Squires RH Jr. Acute liver failure in 
children. Clin Liver Dis 2006;10(1):149-68, vii. 
4. Squires RH Jr, Shneider BL, Bucuvalas J, et al. Acute liver 
failure in children: the first 348 patients in the pediatric acute 
liver failure study group. J Pediatr 2006;148(5):652-58. 
Dhawan A, Mieli-Vergani G. Acute liver failure in neonates. 
Early Hum Dev 2005;81(1. 
. Whitington PF, Malladi P. Neonatal hemochromatosis: Is it 
an alloimmune disease? J Pediatr Gastroenterol Nutr 
2005;40(5):544-49. 


p 


E 


S 


7. Rodrigues F, Kallas M, Nash R, et al. Neonatal hemochro- 
matosisdmedical treatment vs. transplantation: The king’s 
experience. Liver Transpl 2005;11(11):1417-24. 
3. Smith SR, Shneider BL, Magid M, et al. Minor salivary gland 
biopsy in neonatal hemochromatosis. Arch Otolaryngol Head 
Neck Surg 2004;130(6):760-63. 
Holme E, Lindstedt S. Nontransplant treatment of tyrosinemia. 
Clin Liver Dis 2000;4(4):805-14, 
10. Cochat P, Gaulier JM, Koch Nogueira PC, et al. Combined 
liver-kidney transplantation in primary hyperoxaluria type 
1. Eur J Pediatr 1999;158(Suppl 2):S75-80. 
Kerkar N, Hadzic N, Davies ET, et al. De-novo autoimmune 
hepatitis after liver transplantation. Lancet 1998;351(9100):409- 
13. 


o 


e 


12. Kerkar N, Dugan C, Rumbo C, et al. Rapamycin successfully 
treats post-transplant autoimmune hepatitis. Am J Transplant 
2005;5(5):1085-9. 

13. Hilbrands LB, Hoitsma AJ, Koene RA. Medication compliance 
after renal transplantation. Transplantation 1995;60(9):914- 

14. Dew MA, Roth LH, Thompson ME, et al. Medical compliance 

and its predictors in the first year after heart transplantation. 

J Heart Lung Transplant 1996;15(6):631-45. 

Troppmann C, Benedetti E, Gruessner RWG, et al. 

Retransplantation after renal allograft loss due to 

noncompliance. Indications, outcome, and ethical concerns. 

Transplantation 1995;59(4):467-71. 


E 


16. DK Hathaway, C Combs, S De Geest, et al. Patient compliance 
in transplantation: A report on the perceptions of transplant 
clinicians. Transplant Proceed 31 1999;(Suppl 4A):10S-13S. 

17. Lurie S, Shemesh E, Sheiner PA, et al. Non-adherence in 
pediatric liver transplant recipientsd. An assessment of risk 
factors and natural history. Pediatr Transplant 2000;4(3):200- 
06. 

18. Shemesh E, Lurie S, Stuber ML, et al. A pilot study of 
posttraumatic stress and nonadherence in pediatric liver 
transplant recipients. Pediatrics 2000;105(2):E29. 

19. Shemesh E. Non-adherence to medications following pediatric 
liver transplantation. Pediatr Transplant 2004;8(6):600-05. 

20. Donovan KL, Janicki Pk, Striepe VI, et al. Decreased patient 
analgesic requirements after liver transplantation and 
associated neuropeptide levels. Transplantation 
1997;63(10):1423-29. 

21. Moretti EW, Robertson KM, Tuttle-Newhall JE, et al. 
Orthotopic liver transplant patients require less post operative 
morphine than do patients undergoing hepatic resection. J 
Clin Anesth 2002;14(6):416-20. 

22. Kim TW, Harbott M. The use of caudal morphine for pediatric 
liver transplantation. Anesth Analg 2005;100(2):602-03. 

23. NR Barshes, TC Lee, R Balkrishnan, et al, Orthotopic liver 
transplantation for biliary atresia: The US experience liver 
transplantation 2005;11(10):1193-200. 

24. N Kerkar, S Emre. Issues unique to pediatric liver 
transplantation. Clin Liver Dis 2007;11:323-35. 


INTRODUCTION 


Liver transplantation has become the treatment of choice 
forend stage chronic liver disease and some cases of acute 
hepatic failure, provided patients are selected without 
limiting comorbidity.! 


PREOPERATIVE ASSESSMENT 


Preoperative assessment is by hepatologist, surgeon and 
anesthetist prior to listing for transplantation. Assessment 
is aimed at evaluating both hepatic dysfunction and 
presence of complications of ESLD and comorbid 
conditions. Patients often have poor exercise tolerance, 
ascites and pleural effusions and stigmata of chronic liver 
disease suggest poor hepatic synthetic function. 


CARDIAC FUNCTIONS 


Cardiac function monitoring, diagnosis of ischemic heart 
disease and cardiomyopathy can be done by combination 
of the following investigations depending on the 
indications? 

Exercise ECG 

Echocardiogram 

Gated gamma scintigraphy (MUGA scan) 
Dobutamine stress-testing 

Dipyridamole-thallium scanning 

Coronary angiography 


LUNG FUNCTIONS 


Upto 10% of cirrhotics suffer some form of pulmonary 
hypertension. Lung diseases like pleural effusion, 
restrictive hing diseases, hepatopulmonary syndrome can 
be diagnosed by: 

* Chest radiograph 

* Lung function tests 

* Pulse oximetry 

* Arterial blood gas analysis 


* Contrast echocardiography 
* Radionuclide lung perfusion scanning 
* Pulmonary angiography 


HEPATIC DYSFUNCTION 
Hepatic dysfunction is roughly evaluated by: 


PROTHROMBIN TIME 

Tt indicates the extrinsic coagulation pathway requiring 
prothrombin, fibrinogen and clotting factors V, VII and 
IX. 20-30% normal activity of these factors is required for 
coagulation. Mild changes may reflect severe dysfunction. 


INTERNATIONAL NORMALIZED RATIO 


INR more than 1.5 not corrected by vitamin K injection 
indicates severe liver dysfunction. 


ALBUMIN 


It is decreased in severe hepatic synthetic dysfunction. 
Its decrease requires at least 3 to 4 weeks of liver 
dysfunction. Albumin < 2.5 gm/dl indicates is a risk for 
increased third space fluid shift and changes in protein 
drug binding. 


BILIRUBIN 

Elevated bilirubin level >1.5 mg/dl is abnormal. 
Conjugated hyperbilirubinemia indicates hepatocellular 
damage and dysfunction or obstruction. 


AMMONIA 

Tts elevation indicates hepatic dysfunction in the setting 
of cirrhosis. Elevation of ammonia level depends on the 
imbalance between ammoniagenesis in the kidney and 
gut and synthesis of urea in the liver. 
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ASCITES 


Ascites is often associated with water retention and 
consequent low serum sodium in ESLD patients. If below 
125 mmol/l this should be carefully corrected 
preoperatively (days or weeks) to reduce the risk of 
pulmonary edema and central pontine myelinolysis 
associated with acute peri-operative sodium shifts. 


HEPATIC SYNTHETIC FUNCTIONS 
(HYPOALBUMINEMIA OR COAGULOPATHY) 
Preoperative correction is unnecessary unless there is a 
specific indication like active bleeding. There is little if 
any relationship between these factors and intraoperative 
blood loss. 


PREMEDICATION 

Sedatives are avoided in with hepatic encephalopathy. 
Benzodiazepine premedication seems safe in other 
elective cases. 


INTRAOPERATIVE MANAGEMENT 


Liver transplantation surgery can be divided into 3 
phases: 


PHASE ! (DISSECTION PHASE) 


It involves dissection of the structures around the liver 
and porta hepatis, achieving complete mobilization of 
liver. 


PHASE Il (ANHEPATIC PHASE) 

Itinvolves division of bile duct, hepatic artery, portal vein 
and hepatic veins and taking out the recipient liver. The 
new liver from deceased /live donor is implanted. 
Previous technique of removing liver along with IVC with 
use of venovenous bypass in no longer practiced. 
Piggyback technique is routinely used in most transplant 
programs. 


PHASE Ill (REPERFUSION PHASE) 


It begins after the vascular reconstruction and blood is 
allowed to re-enter the portal vein, and vascular inflow 
and outflow clamps are removed. Hepatic artery and bile 
ducts are anastomosed after reperfusion. 


MONITORING OF PATIENT PRIOR TO INDUCTION 
PATIENT'S POSITION 


One or both the arms are abducted to a maximum of 80° 
(to protect from brachial plexus injury by avoiding 


hyperextension). Lower chest and abdomen are exposed 
for surgery. 


IV ACCESS 


Venous line, radial arterial line, triple lumen central 
venous line and Swan Ganz catheter (To monitor 
pulmonary artery pressure) are inserted for access to IV 
fluids, blood components and hemodynamic monitoring. 
IV access and rapid infusion system large bore cannulae 
are required for rapid transfusion of blood and fluids. 
This may be achieved by the use of 1 or 2 separate 8.5 
Fr. catheters sited either in the antecubital fossa or internal 
jugular vein. The rapid infusion systems allow transfusion 
of warmed fluids (37-38°C) at rates of up to 1500 ml/min.* 
Intravenous infusion is started before induction of 
anesthesia. Appropriate crystalloid is infused to maintain 
hydration. 

Fresh frozen plasma (FFP), colloid and electrolyte 
solutions can all be used with packed cells to achieve a 
hematocrit in the region of 0.28 to 0.32. FFP infusion is 
started early either as a separate infusion or mixed in the 
rapid infusion reservoir. The rate of FFP infusion depends 
on TEG recording. 


PREOPERATIVE IMMUNOSUPPRESSION DOSE 

Preoperative immunosuppression drugs like tacrolimus / 
Cs A are usually given 4-6 hours before surgery to avoid 
risk of regurgitation and aspiration during anesthesia. 


ROLE OF DOPAMINE 

In many centers low-dose dopamine is routinely used 
intraoperatively even though there is less evidence to 
suggest any significant benefit on renal function. 


TEMPERATURE 


Temperature is monitored either from the PA catheter 
or from a central temperature probe. A hot air warming 
over blanket maintains normothermia.* 

An 18 FG nasogastric tube and urinary catheter are 
also required. 


CVS MONITORING 


ECG and arterial pressure monitoring is started. Invasive 
cardiovascular monitoring like SVR, EDV, CCO, SV02 
may be started either before or after induction of 
anesthesia. Transesophageal echocardiography provides 
continuous information on ventricular wall motion and 
embolic phenomena, but is not available in all centers. 


INTRACRANIAL PRESSURE (ICP) 


Intraoperative monitoring of ICP is important in patients 
with acute liver failure who are at risk of raised ICP. 


LABORATORY MONITORING 


Intraoperative monitoring of complete blood count, 
coagulation profile, electrolytes and arterial blood gases 
are monitored hourly or as clinically indicated. These 
guide subsequent ventilation, Ca?* /K* supplementation, 
glucose and bicarbonate infusions and blood replacement 
therapy. Thromboelastography (TEG) is commonly used 
for rapid and sensitive means to monitor clotting factor 
requirements.®7 


INDUCTION 


Aim is to maintain cardiovascular stability and rapid 
tracheal intubation. Traditional “rapid sequence” 
technique is usually used. Increasing interest in early 
extubation has lead to the use of shorter-acting drug 
combinations, including midazolam, propofol and 
remifentanil. 


VOLATILE ANESTHETIC AGENT 


IPPV is established after intubation with isoflurane 0.5- 
1.5% end tidal concentration in oxygen-enriched air, Some 
centers use sevoflurane or desflurane. 


TOTAL INTRAVENOUS ANESTHESIA (TIVA) 


TIVA using propofol has also been practiced, but may 
be associated with cardiac depression following 
reperfusion. 


Fentanyl, alfentanil and remifentanil infusion can be used 
with good effect. Fentanyl has a tendency to cumulation 
and need for prolonged postoperative ventilation. 


Nitrous oxide is usually avoided to reduce cardiovascular 
depression, gut distension and bubble formation if on 
venovenous bypass. 


Muscle relaxant: Choice depends on clearance, volume 
of distribution and clinical preference. Atracurium is 
preferred and provides reliable relaxation and reversal 
after prolonged use. Pancuronium has an increased 
volume of distribution in liver disease, while both 
pancuronium and vecuronium show reduced clearance.? 
Their use requires caution. 


Hypoglycemia is commonly encountered in ALF patients 
but uncommon in elective cases. Dextrose 10-50% is used 
to control hypoglycemia. 


Hyperdynamic circulation is not a problem before 
reperfusion. But patients with ALF usually require 
vasopressors like noradrenaline or angiotensin II when 
the cardiac reserve is poor. 


Liver Transplantation 


SPECIFIC CONSIDERATIONS 
PHASE | 
Massive Ascites 


Rapid decompression of massive ascitic fluid needs 
monitoring of cardiovascular function. 


Role of Cell Saver (Figure 34.1) 


Continuous slow oozing or sometimes rapid 

hemorrhage may occur. A cell saver is used to scavenge 

lost RBCs and prepare them for re-infusion.!? 

Scavenged blood is heparinised as it enters a reservoir, 

washed with normal saline, centrifuged and returned 

via the rapid infusion system. 

Contraindications for use of cell saver: 

* Malignant etiology for transplantation 

* Infected ascitic fluid /history of subacute bacterial 
peritonitis. 


Electrolyte Imbalance 


Hypokalemia and hypocalcaemia are common, but 
hypomagnesaemia!! can also occur. K* imbalance is 
treated by potassium chloride infusion. Calcium 


Figure 34.1: Intraoperative cell saver 


imbalance develops due citrate accumulation, and is 
treated by slow IV infusion and ionized calcium is 
maintained between 0.84-1.4 mmol/l to prevent 
coagulopathy and cardiac depression. 


Hypotension 

Tn centers where venovenous bypass (VVB) is used, cross 
clamping of IVC, portal vein and hepatic artery is 
associated with reduced venous return (up to 50%), 
necessitating large volume infusion prior to and during 
IVC cross-clamping and often need for vasopressors. 
Relative volume overload occurs during declamping of 
IVC. In VVB, blood is taken from the femoral vein and 
returned to the axillary or internal jugular vein. A flow 
20% of cardiac output is readily achieved through the 
bypass circuit. Adding portal bypass increases flow to 
about 4096 of cardiac output (3-4 liters/min). 
Hemodynamic stability is improved, and the need for 
acute volume loading reduced. Complications of bypass 
are air embolism, clot formation, fragmentation of red 
cells, and failure of the system. 


PHASE II 

Fibrinolysis 

During phase II, there is no production of clotting factors 
leading to worsening of coagulopathy, fibrinogen 
deficiency, decreased anti-thrombin III levels and 
derangement of the t-PA /alpha-2 antiplasmin ratio with 
the onset of fibrinolysis.!?!5 Platelet consumption occurs 
in patients who have already low platelet count. 
Fibrinolysis can be prevented or attenuated by 
antifibrinolytic agents, such as aprotinin" or tranexamic 
acid!5 and serine esterase inhibitors such as a-2 
antiplasmin.!é 


Acidosis 


Absence of citrate or lactate metabolism, reduced 
gluconeogenesis and glucose uptake, leads to acidosis. 


Role of Steroids 


Methyl prednisolone 10 mg/kg is given as a slow 
intravenous infusion prior to reperfusion, and protects 
against graft dysfunction and renal injury.!7 


PHASE Ill 


End-stage liver disease (ESLD) is associated with a 
hyperdynamic state characterized by high cardiac output 
and low systemic vascular resistance due to peripheral 
vasodilatation. Peripheral vasodilatation is aggravated 
by general anesthesia and profound vasodilatation is 


often observed during reperfusion phase especially in 
patients with high MELD scores, resulting in severe drop 
in blood pressure. To maintain hemodynamic stability, 
single strategy of volume replacement is not appropriate 
because the excessive blood volume replacement can lead 
to pulmonary complications. In addition to the volume 
replacement, vasopressors are recommended to maintain 
adequate systemic vascular resistance and blood pressure. 


Post-reperfusion Syndrome (PRS) 

PRS is defined as a reduction in mean arterial pressure 
of 30% within 5 minutes of graft reperfusion and 
persisting for at least one minute.!? This is due to cytokine 
mediated and is associated with changes in arachidonic 
acid metabolism.’ Activation of complement also plays 
a major role. Hypotension associated with a low 
systemic vascular resistance (SVR) may persist an hour 
or more. Most patients tolerate this well, but those with 
pre-existing cardiac disease cope less effectively and may 
require vasopressor or inotropic support. If arterial 
pressure falls excessively, epinephrine (dose of 25-50 pg) 
is used. 


CVP Monitoring 
An increase in CVP may lead to venous congestion in 
allograft. 


Hyperkalemia 
Reperfusion of allograft releases cold, hyperkalemia, 
acidotic fluid which goes directly to the heart. To prevent 
cardiac arrhythmias from the potassium surge, 
immediately prior to reperfusion 10 mmols calcium 
chloride is given. 

After the initial plasma potassium rise, the functioning 
graft avidly takes up potassium. Once the graft starts 
functioning, it is often necessary to provide 60-120 mmol 
KCl in the hours following reperfusion. Lactate 
metabolism and production of bicarbonate are restored. 
Metabolic acidosis begins to correct. 


Other causes of intraoperative hyperkalemia. Causes of 
hyperkalemia during transplantation surgery 
* Administration of blood products to patients with 
impaired renal function 
* Patients on diuretics preoperatively which block 
aldosterone receptors. 
* Factors that promote an extracellular shift of potassium. 
- Metabolic acidosis 
- Insulin resistance 
— Irradiation of red blood cells?! 
Pre-emptive methods to reduce hyperkalemia 
intraoperatively is by 


* Removing potassium from transfusion products 
- Use of packed RBC stored for less than 14 days to 
minimize the natural extracellular flux of potassium 
into the surrounding plasma 
- Use of blood scavenging devises by washing all red 
blood cells prior to transfusion 
* Reduce serum potassium level by medication/RRT 
(Renal replacement therapy) 


Emergency treatment of hyperkalemia: In cases where 
hyperkalemia is unanticipated and arises in the operating 
room, emergency treatment is necessary to prevent 
cardiac arrest. 

* Insulin and glucose: Use intraoperatively is a standard 
approach to decreases serum potassium. Insulin 
regulates transmembrane flux of potassium and thus 
is capable of shifting extracellular potassium into the 
intracellular space? 

* Calcium salts: Survival benefit using calcium infusions 
as opposed to intermittent boluses.” If calcium salts 
are used to treat hyperkalemia during liver 
transplantation, the chloride preparation offers 
significantly better bioavailability as the gluconate 
preparation needs to be activated by hepatic 
metabolism.” 

* Sodium bicarbonate: Use should decrease serum 
potassium by decreasing proton concentration in the 
extracellular fluid. This would activate a sodium 
dependent exchange to move hydrogen ions out and 
sodium into the cell. Subsequently sodium is actively 
exchanged for potassium. Complications of sodium 
bicarbonate use are hypernatremia, volume expansion 
and fall in ionized serum calcium. 


ROLE OF REGIONAL ANESTHESIA 


Presence of portal hypertension and presence of large 
venous collaterals is a relative contraindication for putting 
a spinal/ epidural catheter due to increased risk of 
bleeding and hematoma formation. Peripheral nerve 
block may be selectively. 


POST-TRANSPLANT PERIOD 


Most transplant recipients require 6-12 hours ventilatory 
support, in liver transplant ICU. Few patients are suitable 
for early extubation.2* Postoperatively sedation is 
continued usually with propofol and alfentanil infusions. 
Muscle relaxants are not usually required. K- 
supplementation is required for 24-36 hours. Coagulation 
tests and full blood count guide further transfusion of 
blood and blood products. Hematocrit is maintained 
between 0.26 and 0.32. Higher levels are associated with 
an increased incidence of hepatic artery thrombosis and 
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graft failure." In hypercoagulable states such as Budd- 
Chiari syndrome, Protein C and S deficiency, 
anticoagulation with heparin is required and hematocrit 
is kept at the lower range. 

Weaning from the ventilator after LTX can take longer 
because of unsatisfactory gas exchange during various 
attempts of T-piece trials. Rapid extubation followed by 
an immediate NIV application should be considered in 
this setting to shorten and accelerate the weaning process 
in those recipients who do not completely fulfill the 
criteria for safe extubation.** By adding the pressure 
support (PS) mode with a continuous positive end 
expiratory pressure (PEEP), NIV could prevent the loss 
of vital capacity and impede severe lung derecruitment 
following extubation. Clinical experience has shown that 
properly delivered noninvasive ventilation mostly 
benefits moderately dyspneic recipients in acute 
respiratory failure, while it appears less promising and 
efficient in patients ventilated for extended periods of 
time. It has proven safe and efficient mainly as*é 
* Atoolto promote an early ventilatory discontinuation 

and extubation 
* A prophylactic strategy for preventing postoperative 

pulmonary complications 
* Asimple method to start with in cases of acute hypoxic 
and/or hypercapnic respiratory failure. 


LIVER TRANSPLANTATION AND 
COAGULOPATHY 


There is a direct correlation between transfusion 
requirements and patient outcome in LTX.” Increased 
transfusions significantly increase postoperative 
morbidity and mortality in liver graft recipients.?? 
Coagulopathy is a significant contributing factor towards 
the total amount of blood lost and components transfused. 
Multiple mechanisms underlie the coagulation 
abnormalities encountered in OLT. Pre-existing disorders 
of coagulation: Both the etiology of the liver disease and 
its severity are important factors in determining the extent 
and nature of pre-existing coagulation disorders. The liver 
is the major site of synthesis of most blood coagulation 
factors and inhibitory proteins and also plays a central 
role in the clearance of activated coagulation factors. 


CAUSES OF COAGULOPATHY IN ESLD 


* Abnormal fibrinogen synthesis 

* Thrombocytopenia due to 
= Hypersplenism 
- Impaired platelet function 

* Enhanced fibrinolysis 

* Low grade DIC with markers of increased activation 
of the coagulation and fibrinolytic system. 
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INTRAOPERATIVE COAGULOPATHY 


Phase | 


It is associated with heavy blood loss from the transection 
of large collaterals in portal hypertension or vascularised 
adhesions. Hemodilution will worsen intrinsic hemostatic 
deficiencies. Intraoperative cell saver is used to decrease 
the replacement of blood components. 


Phase Il 


During this phase there is a marked increase in tissue 
plasminogen activity due to the lack of hepatic clearance. 


Phase Ill 


Reperfusion is associated with changes in coagulation, 
much of which is transient and corrects spontaneously 
with the onset of graft function. 10-20% of patients present 
with severe fibrinolysis after reperfusion. This may be 
due to release of endogenous heparin (heparan) from the 
damaged endothelium of the ischemic graft; this activity 
is more prolonged in marginally functional grafts. 


HIGH BLOOD LOSS (>12 UNITS) DURING LIVER 
TRANSPLANTATION SURGERY 


Risk Factors?? 


Low hemoglobin («10 g/dl) 
High FDP level (224 mmol/l) 
Previous abdominal surgery 
High INR. 


Coagulation Monitoring 


Routine coagulation tests such as PT, aPTT, TT, 

fibrinogen, platelet counts are not very useful as: 

* They are static tests, performed on citrated plasma 
leading to long delay in the result. 

* They give no information about the stability of the clot 
or its strength, both of which are highly relevant to 
the assessment of perioperative hemostasis. 


THROMBOELASTOGRAPHY (TEG) (FIGURE 34.2) 


Its value in OLT was first described by Kang et al. in 
Pittsburgh. It is a whole blood viscoelastic test of clot 
tensile strength. It enables a global analysis of the whole 
coagulation process from fibrin formation, through to 
eventual clot retraction and/or lysis, enabling a visual 
assessment and quantification of overall clot strength and 
stability. 

It gives information about coagulation factors, platelet 
number and function, platelet and fibrinogen cross 
linkage and any fibrinolytic activity.” It has the ability 


Figure 34.2: Thromboelastography 


to assess the efficacy of pharmacological intervention in 
vitro prior to administrating drugs to the patient (e.g. 
antifibrinolytics). The native TEG is extremely sensitive 
to the presence of heparin and a straight line TEG at 
reperfusion is not uncommon. Running simultaneous 
heparinase and native TEGs will differentiate any heparin 
effect from other concurrent coagulation defects. The 
addition of activators such as Kaolin or tissue factor (TF) 
accelerates the rate at which the TEG trace is generated. 


ROTEM 


It is also based on similar principles of TEG and gives 
broadly comparable information. It also estimates 
functional fibrinogen level similar to TEG. 


MANAGEMENT OF COAGULOPATHY IN OLT 


Indications for Blood Component Therapy 


Platelets: Minimal platelet count for transfusion varies 
from 30 to 100,000. 


FFP: Indication of FFP is based on clinical grounds, 
maintaining a fixed ratio to the number of RBC transfused, 
PT time and TEG parameters. 


Fibrinogen is generally administered when the value is 
less than 1.0 g/dl. 


Antifibrinolytics: They are used during liver transplant 
surgery to control hyperfibrinolytic state resulting 
coagulopathy that can occur at the time of graft 
reperfusion. 
* Synthetic Antifibrinolytic agents: 

- Epsilon Amino Caproic Acid (EACA) 

- Tranexamic Acid (TA) 
e Serine—Protease Inhibitors: Aprotinin 


| . — "NNNM 


EACA: The use of EACA to treat fibrinolysis identified 
on the TEG was first described by Kang's group in 1983. 
However they did not recommend routine prophylactic 
administration because of the possibility of pro- 
thrombotic complications. 


Tranexamic acid: It inhibits the binding between plasmin 
and fibrin. Kaspar et al, reported that continuous low dose 
tranexamic acid (2 mg/Kg/hour), whilst reducing the 
incidence of fibrinolysis, did not result in a significant 
reduction in transfusion requirements, whereas high dose 
(10 mg/Kg/hour) TA was found to reduce blood loss by 
50%. 


Aprotinin: The effect of Aprotinin in reducing blood loss 
in OLT was first reported by Neuhaus et al. in 1989. It 
isanatural proteolytic enzyme derived from bovine lung. 
One of the primary effects of aprotinin is prevention of 
plasmin degradation of platelet function. Anti-fibrinolytic 
effect is dose related. At high doses (200 KTU) aprotinin 
reduces tPA synthesis through its inhibition of kallikrein, 
butatlow dose (50 KIU) its anti-fibrinolytic effect is almost 
entirely due to plasmin inhibition. Adverse effects are 
anaphylaxis and increased risk thromboembolic events. 
Although many centers do use aprotinin routinely, there 
still is a need for further studies to determine which 
subpopulations of patients would truly benefit from its 
use. 


Other drugs which reduce blood loss: 
* DDAVP 

* Conjugated estrogens 

* Anti-Thrombin III. 


Activated Recombinant Factor VII (rFVila)*> 


It accelerates thrombin generation through TF pathway 
activation, leading to an enhancement of coagulation at 
the site of vessel injury, without systemic activation of 
the coagulation cascades. This occurs after complexing 
with TF or in interaction with activated platelets. The PT 
time can be shortened considerably by administration of 
rFVIIa (90 y /Kg) and this is attributed to the direct 
activation of factor x by VIIa. TEG analysis following 
administration of rFVIIa shows that the velocity of clot 
formation normalises (R and K times shorten) but also 
that there is a significant increase in & angle, indicating 
that it not only affects the speed of clot formation but 
also the tensile properties of the clot. rFVIIa provides a 
marked decrease in blood loss and platelets transfusion. 


ANESTHESIA FOR ACUTE LIVER FAILURE 


ALF patients constitute 7 to 10% of liver transplantation 
recipients in western countries. Current outcome of 


patients with ALF who make it to transplantation is 
excellent? 

Use of artificial liver support and bridging therapies 
improve, even the sickest patients will be supported to 
transplantation, which may lead to more severe 
perioperative problems. High prevalence of preoperative 
multiorgan failure creates specific practical and 
physiological challenges for the transplant anesthetist. 


PREOPERATIVE PREPARATION 


Preoperative preparation of ALF patient in the ICU is 
particularly relevant to the transplant anesthetist, Transfer 
to operation theatre is a potentially destabilizing period 
and must be performed safely. RRT should be 
discontinued in ICU and later started in the operation 
theatre. All infusions should be continued to ensure 
stability. Sedatives particularly benzodiazepines should 
be avoided. Ventilation is continued by a portable 
ventilation system. Positioning regarding ICP must be 
adhered to including 15% head raised with neutral 
position. Many centers prefer not to paralyse ALF patients 
in ICU but paralysis prior to shifting to operation theatre 
is necessary. 


cad before shifting to operation theatre includes: 
* Invasive monitoring: Vascular access and position 
related to operation theatre requirements, ICP 
measurement, and access for RRT. 

* Ventilation parameters: Required to maintain adequate 
oxygenation and PCO; levels, relation to theatre 
ventilation modes, presence/absence of pulmonary 
edema 

* Stability issues: Cardiovascular and ICP stability, 
response to treatment. 

* Renal support: Use of RRT, overall fluid balance 

* Sedation and paralysis 

e Coagulation issues: Adequate preoperative correction, 
pre-ordered blood products 


ROLE OF HEPATECTOMY AS A BRIDGE TO 
TRANSPLANTATION 

In case of cardiovascular or neurological collapse 
secondary to liver failure seems imminent and where a 
donor organ is available and harvest is imminent, the 
possibility of elective total hepatectomy with portocaval 
shunting followed by liver transplantation is practiced 
in west. But this approach is rare in Asian countries as 
the availability of deceased donors is very limited. “Toxic 
liver syndrome” could be treated by means of this 
approach. Tt has a stabilising effect on the neurological 
status in patients with ALF% but the cardiovascular 
stability is variable.” Ethical aspects need to be 
questioned. 


The primary concerns for the anesthetist involved in 
emergency transplantation for patients with ALF are 
those of: 

* Cerebrovascular stability 
* Fluid imbalance 
* Delayed recovery and prolonged ICU stay. 


Cerebrovascular Stability 


In ALF and encephalopathy, patients have impaired 
cerebral blood pressure and metabolic autoregulation and 
variations in mean arterial pressure will be reflected by 
changes to cerebral blood flow. It follows that 
cardiovascular stability during transplantation, is of 
paramount importance to the maintenance of cerebral 
perfusion pressure (CPP). IOP monitoring is essential 
during surgery. 

Intraoperatively, changes in ICP seem to occur in the 
reperfusion and dissection phase with either stabilization 
or more often a reduction in IOP during the anhepatic 
phase. The temporal changes during the transplantation 
procedure have been attributed to various mechanisms 
including inflammatory substances released from the 
failing liver,” de novo cytokine production from the new 
liver, cerebral hyperperfusion secondary to an increase 
in venous return and cerebral ischemia due to systemic 
hypotension. 

Tt has been demonstrated that ICP surges in ALF are 
likely to be due to an increase in CBF.? Intraoperative 
measurements of the ICP, CMRO; and CBF during 
transplantation in patients with ALF have also 
demonstrated that ICP is more usually related to rises 
in CBF than ischemia induced by reduction in CPP, 
secondary to systemic hypotension.*! Therefore, although 
a threshold CPP must be maintained, relative 
hypertension during and after reperfusion, may be 
detrimental in terms of increasing the risk of increased 
microvascular pressure, cerebral hyperperfusion and 
ultimately cerebral edema. 


Hypothermia: Use of moderate hypothermia to control 
changes in ICP has been used in patients with ALF.? One 
study reported that moderate hypothermia abolished ICP 
variability throughout the transplantation procedure in 
patients with the most difficult preoperative control. 
Hypothermia may reinstate cerebral autoregulation and 
reduce cerebral hyperperfusion. 


Hepatic artery/portal vein clamping: Changes in ICP during 
the early dissection phase can be reduced by HA/PV 
clamping. The development of an anhepatic state also 
promotes a reduction in the requirement for 
vasoconstrictors and inotropes.* 


RRT: Fluid removal by continuous veno-venous 
haemofiltration (CVVH) and mild hyperventilation in 
anticipation of increased CO? production may attenuate 
increases in IOP at reperfusion. 


Fluid Balance 


RRT should be continued intraoperatively and 
immediately after the transplantation, when the recipient 
reaches the transplant ICU to allow fluid management, 
ICP control and coagulation control. In addition to rapid 
fluid removal enabling the transfusion of significant blood 
products, RRT may also be useful in controlling anhepatic 
acidosis and prereperfusion hyperkalemia. 


Delay in Recovery of Graft Function 


Preoperative severe organ dysfunction and associated 
other organ failure like kidney and lungs, delays the 
allograft function which makes the recipient dependent 
on prolonged supportive care in transplant ICU. 
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INTRODUCTION 


Liver supporting system is a system of therapies, which 
aim to improve outcome, provide an environment for 
regeneration and possible spontaneous recovery or failing 
that support the patient and bridge until the liver 
transplantation is an option. 


IDEAL LIVER SUPPORTING SYSTEM 


* Fasy availability 

* Optimize or prevent deterioration of patient's 
condition 

* Cost effective 

* Minimal adverse effects 


INDICATIONS 


Liver supporting systems are used in different types of 
Acute Liver Failure (ALF) such as: 
* Fulminant hepatic failure 
— No previous liver disease 
- Encephalopathy within 8 weeks of onset 
* Acute alcoholic hepatitis 
* Acute decompensation of chronic liver disease 
* Primary graft non-function 
- Graft failure immediately after transplantation 
* Initial poor graft function after transplantation. 


TYPES OF LIVER SUPPORT 


* Transplantation: Deceased donor, live related donor, 
split liver, auxiliary and hepatocyte transplantation are 
the different options for transplantation. 

* Plasmapheresis/Exchange transfusion 

* Cross perfusion with ex vivo liver 


- Human 


- Porcine 

* Extracorporeal liver support systems 
- Bioartificial liver support systems (BAL) 
- Artificial /Non-biological liver support systems 

* Molecular Adsorbent Recirculation System (MARS) 
- Detoxification system based on albumin dialysis 
- Most widely studied; inconclusive survival benefit 

* Single Pass Albumin Dialysis (SPAD) 

* Prometheus system (a dialysis and plasma 
separation-based system) 

* Hemocleanse 

* Hemolife. 


MOLECULAR ADSORBENT RECIRCULATION 
SYSTEM (MARS) 

MARS, clinically introduced in 1993,.? is a modified 
dialysis system, which uses an albumin-enriched (20%) 
dialysate, able to remove both albumin-bound and water- 
soluble toxins from the blood. Albumin dialysis is 
currently the most widely used non-biological liver 
support system.* It improves not only the general 
condition, but also both cardiovascular and renal function. 
Daniluk, et al. confirmed the safety and tolerability of the 
non-biological hepatic support of MARS 


PRINCIPLE 


Albumin is used as a molecular adsorbent to remove 
albumin bound liver toxins from the patients’ blood 
compartment: namely, bilirubin, ammonia, free fatty 
acids, cytokines, and aromatic amino acids. The rationale 
of albumin dialysis was based on the fact that the majority 
of potential toxins are protein-bound, usually to albumin 
and cannot be removed by simple hemodialysis or 


hemofiltration (in contrast to renal failure). They are 
potentially removable by albumin dialysis, since the blood 
is dialyzed against an albumin-containing solution across 
a suitable membrane. The albumin-bound toxins should 
be filtered by the binding sites of the albumin in the 
dialysate and thus removed from the blood. 

MARS is a device in which the patient's blood is 
dialyzed through an albumin-impregnated membrane 
against a recirculated albumin containing solution. The 
technique seems to be effective at removing albumin- 
bound toxins and soluble substances such as fatty acids, 
bile acids, and bilirubin. Substances with a molecular 
weight « 50 kDa, such as essential hormones bound to 
carrier proteins, growth factors, and albumin, are not 
removed from the perfused plasma because of the 
membrane pore size.5? 


INDICATIONS 


Acute decompensation of chronic liver disease 
Acute liver failure 

Primary graft dysfunction 

Liver failure after hepatic surgery 

Intractable pruritus in chronic cholestatic syndromes 
Detoxification 

Serum bilirubin level »15 mg/dl 

Renal dysfunction/Hepatorenal syndrome 

Hepatic encephalopathy (> grade II) 

Increased intracranial pressure 

Ischemic hepatitis with serum bilirubin > 8 mg/dl 
Fulminant Wilson’s disease 

ALF due to paracetamol overdose 
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Blood from the patient 


MARS membrane 


To the patient 


PROCEDURE 


A double-lumen catheter type veno-venous access was 
used for the blood supply and intravenous heparin for 
blood anticoagulation to maintain the extracorporeal 
circuit. Blood flow rate was 150 to 250 ml/min, depending 
on the patient's hemodynamic parameters. A closed-loop 
dialysate circuit containing 600 ml of 20% stored human 
serum albumin was driven by the roller pump of the 
MARS monitor at 150 ml/min. The dialysate—stored 
human serum albumin—was passed through the 
dialysate compartment of the blood dialyzer and 
subsequently regenerated on line by dialysis against a 
bicarbonate-buffered dialysate (processed by a dialysis 
machine) followed by passage through a column with 
uncoated charcoal and a second column with an anion- 
exchanger resin. The dialysis bath was adjusted on the 
basis of the patient's needs (Figures 35.1 and 35.2). 


ANTICOAGULATION 


* Only 40% liver failure patients need anticoagulation 
* Necessary if activated clotting times (ACTs) « 160 sec 
* Priming heparin 10000u 
* Keep ACTs 160-180 sec 


COMPLICATIONS? 


* Hemodynamic instability and hypotension 
* Hypoglycemia 

e Catheter related infections 

* Hemorrhage from the catheter site 


Albumin dialysate 


Figure 35.1: Schematic presentation of MARS 


Figure 35.2: MARS 


CONTRAINDICATIONS 


MAP (using vasopressors) « 55 mm Hg 

Active bleeding 

Uncontrolled systemic infection 

Severe coagulopathy /thrombocytopenia 

- (Hyperfibrinolysis/DIC could be aggravated by 
extracorporeal circulation) 


PROMETHEUS SYSTEM [FRACTIONATED 
PLASMA SEPARATION, ADSORPTION, AND 
DIALYSIS (FPSA)] 


The Prometheus system removes albumin bound toxins 
in the patient's blood by combining fractionated plasma 
separation and adsorption (FPSA) with conventional 
dialysis. The patient's blood first passes trough a plasma 
separator with a pore size of 250 kDa. The blood flow 
rate was 150-200 ml /minute. 

The filtered plasma fraction then passes over two 
adsorption columns, a neutral resin and an anion 
exchange resin adsorber, before it is filtered back to the 
systemic circulation. The blood then passes through a 
high-flux dialyzer (F60S, Fresenius, Denmark). The flow 
rate in the plasma circuit was set to 300 mL/min 
according to the manufacturer's recommendations. 
Hemodialysis is performed using a high-flux dialyzer 
(Figure 35.3). 

Comparisons between the MARS and Prometheus 
systems have shown a significant reduction in total 
bilirubin, conjugated bilirubin, bile acids, serum urea 
nitrogen, and serum creatinine with both devices.!! 
Protein bound toxins were slightly better removed with 
Prometheus. 


SINGLE PASS ALBUMIN DIALYSIS (SPAD) 


It is a method of albumin dialysis that uses a standard 
renal replacement therapy system without an additional 


Dialysis circuit 


Figure 35.3: Prometheus system: Schematic presentation 
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pump system. It is easier to establish, as it can simply 
be performed with continuous venovenous hemodialysis 
machines. Single-pass albumin dialysis is a quite 
expensive procedure, due to the costs of large amounts 
of albumin solutions. 


BIOARTIFICIAL LIVER SUPPORT 
HISTORY OF BAL DEVICES? 


Xenoperfusion with bioartificial liver devices has been 
used as a bridge to liver transplantation.??! After 
developing, in 1957, the first model of a biological artificial 
liver (BAL), Motokazu Hori (Tokyo, Japan) treated, in 
October 1958, for the first time, a human patient in hepatic 
coma due to liver cirrhosis with a BAL using four live 
dog's livers, In 1963, Yukihiko Nose (Sapporo, 
Hokkaido, Japan) treated four patients with a BAL using 
fresh liver slices and freeze-dried canine liver granules; 
all patients improved but two of them died shortly after 
treatment.22* In 1994, the American company, Circe 
Biomedical (Lexington, MA, USA), developed the Hepat- 
Assist 2000 System, a BAL device using primary porcine 
hepatocytes. The first clinical trials were realized shortly 
after.2526 In 2004, in the first prospective randomized 
multicenter controlled trial of an extracorporeal liver 
support system, including 171 patients with fulminant/ 
subfulminant hepatic failure, Achilles Demetriou, et al.” 
showed that Hepat-Assist was safe and improved 
survival. 

Since 1999, two other extracorporeal hemofiltration 
devices using primary porcine hepatocytes have been 
developed by American companies: LIVER x 2000 System 
developed by Algenix (Shoreview, MN, USA) and BLSS 
developed by Excorp Medical (Oakdale near Minneapolis, 
MN, USA). Excorp Medical and John Patzer from the 
Thomas Starzl Transplantation Institute (Pittsburgh, PA, 
USA) collaborated to develop the Bioartificial Liver 
Support System (BLSS).52* In 2001 George Mazariegos 
and John Patzer described the first clinical use of BLSS 
for the support of a 41-year-old woman with fulminant 
hepatic failure? 

In Europe, the Academic Medical Center of 
Amsterdam developed the AMC-BAL system using 
primary porcine hepatocytes. A phase I clinical trial was 
carried out in Italy. In 2002, Maarten-Paul van de 
Kerkhove and Robert Chamuleau (Amsterdam, the 
Netherlands) reported the first clinical cases. The first 
patient was a 35-year-old woman with acute liver failure 
due to hepatitis B infection who received a liver 
transplantation after two AMC-BAL treatments of 21 and 
14h?! Among the first seven patients treated, six received 
successful orthotopic liver transplantation and one patient 
improved after two treatments and did not need 
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transplantation.** Because it is not allowed by law to use 
animal tissues or cells to treat patients in the Netherlands 
or in Western Europe, the research group at the Academic 
Medical Center is developing a human-derived 
hepatocyte cell line BAL. 


DIFFERENT BIOARTIFICIAL SYSTEMS 

* HepatAssist 

* Extracorporeal Liver Assist Device (ELAD) 

* Modular Extracorporeal Liver Support system (MELS) 

* Amsterdam Medical Center Bioartificial Liver 
(AMCBAL) 


Hepat-Assist System (Circe Biomedical, 

Inc., Lexington, MA) 

* An extracorporeal primary porcine-based system 

* Porcine hepatocytes are cryopreserved in liquid 
nitrogen and stored on site 

* Available to treat patients on an emergency basis 
within three hours 

* Patients undergo standard plasmapheresis with the 
plasma directed toward the HepatAssis&& system 
where it circulates through a charcoal column, an 
oxygenator, and the hollow fiber cartridge containing 
freshly thawed, viable, porcine hepatocytes. 

* Phase II/II study completed. 


Extracorporeal Liver Assist Device (ELAD) (Vital 
Therapies, San Diego, CA) 

ELAD uses about 200 g of cells of the human 
hepatoblastoma cell line C3A (derived from HepG2) in 
modified dialysis cartridges. The cells are located in the 
extracapillary space separated from plasma by the 
capillary membranes. Prior to entering the bioreactor, the 
plasma passes a charcoal adsorber and a membrane 
oxygenator. First clinical applications were performed, 
to demonstrate the safety of the system.127^ 


Modular Extracorporeal Liver Support System (MELS) 
MELS is based on the Cell Module, a unit consisting 
of 3 interwoven capillary bundles in a polyurethane 
housing. One of the bundles serves as decentralized 
oxygenation; 2 bundles are used for perfusion with patient 
plasma. It is operated with primary porcine hepatocytes 
as well as human hepatocytes isolated from discarded 
donor organs./5 For MELS, the CellModule is combined 
with SPAD and continuous veno-venous hemodia- 
filtration (CVVHDF). A phase 1 clinical study was 
performed with the Cell Module charged with porcine 
hepatocytes! and 12 patients were treated with human 
hepatocytes.!7 


Amsterdam Medical Center Bioartificial Liver (AMC-BAL) 


In contrast to all other mentioned BAL systems, the 
capillary membranes exclusively serve oxygenation. The 
cell compartment of the device, which has a polyester 
matrix, is loaded with about 200 g of primary porcine 
hepatocytes. During therapy, the matrix is directly 
perfused by patient plasma.5 A phase 1 study showed 
the safety of the treatment.'* 


EVIDENCE-BASED MEDICINE 


A systematic review that pooled 12 randomized 
controlled trials (with a total of 483 patients) using 
various bioartificial support systems concluded that 
overall they had no significant effect on mortality 
compared with standard medical therapy. 
Meta-regression suggested that their effect depended 
upon the type of liver failure. 

A 33 percent reduction in mortality was observed in 
patients with acute-on-chronic liver failure (RR 0.67, 
95 percent CI: 0.51 to 0.90) while no significant benefit 
was detected in those with acute liver failure. 


CONCLUSIONS 


Artificial support systems may reduce mortality in 
acute-on-chronic liver failure. 

Artificial and bioartificial support systems did not 
appear to affect mortality in acute liver failure. 
Additional randomized clinical trials are needed before 
any support system can be recommended for routine 
use. 
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INTRODUCTION 


Health-related quality of life (HRQL). assessment includes 
the physical, emotional, and social domains.! HRQL refers 
to how illness or its treatment affects a subject's ability 
to function, and its symptom burden. The impact of OLT 
on the HRQL is a matter of growing interest especially 
for long-term survivors. HRQL assessment includes 

* Health status 

* Disability 

* Psychological wellness 

* Social performance. 

HRQL domains improve after OLT, reaching values 
close to that of the general population? Some authors 
have reported that the variation in post-transplantation 
HRQL scores is associated with a number of pre- 
transplantation factors? 

* Disease severity proxied by Child-Pugh disease class 
* Disease duration at the time of transplantation 

* Liver transplant history 

* Presence of ascites and/or encephalopathy 

(significantly associated with a poor HRQL) 

Barriga et al used a combination of a generic overall 
HRQL evaluation test (LEIPAD) and a psychological 
distress perceived by the patient test (BSI), an earlier 
indicator of psychological discomfort than the overall 
HRQL test. Cirrhotic patients listed for OLT evidenced 
a low level of perceived HRQL in both tests and their 
complaints are: 

* Physical disorders related to ESLD. 

* Psychopathological distress arising from the fear of 
deadly complications associated with the liver disease 

* Knowledge of the existing gap between numbers of 
candidates on waiting list and donors 

* Implied risk of exclusion from the waiting list because 
of clinical deterioration or death. 


In this study best results in terms of HRQL were 
achieved in the group 1 to 2 years after OLT with a 
worsening in the group at 3 to 4 years after OLT 
improving in the long-term follow-up group. This decline 
may express patient difficulty in adapting to the post- 
transplant situation when they may have to face medical 
complications of OLT or recurrent liver disease as well 
as psychological complications related to dependence on 
chronic immunosuppressive drugs and medical staff and 
acceptance of their new body identity. 

But karam et al reported that in long-term OLT 
recipients, the well-being and affect scales were better 
than in the general population expressing a good HRQL 
in spite of OLT medical or psychological complications.5 
Another study reported that OLT patients show eventual 
limitations in daily life, improving progressively in the 
physical conditions and the expectations for the future.” 
Time after OLT was a protective factor for perceived 
physical conditions that improve progressively after OLT. 
A higher degree of education was protective for managing 
stressful events as well as married and cohabitant 
patients. OLT patients who return to work show a better 
HRQLS 

Blanch et al reported that special attention should be 
paid to women recipients, who seem to have more 
difficulty than men in adjusting to the psychosocial 
consequences of the operation. Female patients may be 
in particular need of psychological intervention after OLT. 
Support, perhaps in the form of patient groups, could 
be offered to recently transplanted patients.? 


FATIGUE AFTER LTX" 

Fatigue is a major problem in patients after liver 
transplantation. Almost half of the liver transplant 
recipients were severely fatigued and no indications were 


found that complaints of fatigue improve over time. The 
severity of fatigue was associated with gender, age, self- 
experienced disabilities, and HRQL. There is was no 
correlation found between the severity of fatigue and 
indication for liver transplantation or immuno- 
suppressive medication. Liver transplant recipients 
experience physical fatigue and reduced activity rather 
than mental fatigue and reduced motivation. 
Rehabilitation programs, focusing on improving activity 
patterns and physical fitness, may reduce complaints of 
fatigue after liver transplantation. 


EMPLOYMENT AFTER TRANSPLANTATION 


Post-transplantation employment is a relative term that 
dependsonthetypeof work (full-time, parttime, students), 
change in work description, and retirement. Unemploy- 
ment is common after LTX. Post-transplantation 
employment rates are approximately 30 to 4095.121516 
Higher rates have been published, but these studies 
involved much smaller cohorts.!?!* Poor physical health 
is a factor in unemployment post-transplantation.51” 
Presence of diabetes further decreases the employment 
rate.!718 Approximately half of liver transplant recipients 
return to work after surgery.?15 Most important factors 
affecting employment include:!! 24416 

* Gender 

Education level 

Alcohol liver disease etiology 

Pretransplantation employment 

Concerns about losing health insurance 

Age at time of transplantation 

Duration of disability prior to transplantation 
Physical/general health performance status 


PSYCHOLOGICAL COMPLICATIONS 


Liver transplantation is an alternative therapy that offers 
patients a greater life expectancy and a better quality of 
life, in some cases a variety of psychological complications 
may occur, such as? 
* Anxiety 
* Depression 
* Sexual disorders 
* Fantasies about the donor 
è Dissatisfaction with body image 

Symptoms of anxiety can increase poor adherence to 
therapy, thatis, their own psychological state causes them 
to pay little attention to healthy habits, which partly 
accounts for the occurrence of a poor quality of life 1 year 
after being discharged from hospital after transplanta- 
tion2122 


HCV AND HRQL 


HCV recurrence was almost universal; chronic hepatitis 
C is present in 50 to 90% of OLT patients after 12 months 
with a 5-year actuarial rate of cirrhosis ranging from 10 
to 28%. Recurrent HCV hepatitis in liver transplant 
recipients was associated with impairment in HRQL, 
functional status, and greater depression as compared to 
patients who did not have HCV or those without HCV 
recurrence and the need for psychological interventions 
to detect and treat depression in this setting.?^ 


IMMUNOSUPPRESSION AND HRQL 


GI complications affect half of liver transplant recipients 
and they range from mild to moderate disease, such as 
diarrhea or nausea, to more severe, life-threatening ones, 
such as colon perforation, digestive bleeding, or others. 
Diarrhea was the most frequent GI complication. Most 
immunosuppressive treatments are associated with some 
type of GI complication, which can be classified into one 
of several general categories: 

* Infections 

Mucosal injury and ulceration 

Biliary tract diseases 

Diverticular disease 

Pancreatitis 

Malignancy 

These problems frequently affect patients HRQL.” GI 
complications lead to changes in immunosuppression 
(MMF and steroids) in 25% of patients. Of these, the drug 
most frequently modified was MMF (reported to occur 
in up to 45% of patients)? 


MELD SCORE AND HRQL 


Rodrigue and colleagues showed that increasing MELD 
score was negatively associated with HRQL after liver 
transplantation, especially as it relates to physical 
functioning. Castaldo et al, have shown that recipients 
with higher pretransplant MELD have better post- 
transplant physical HRQL." 


REJECTION AND HRQL 

Patients experiencing rejection episodes required either 
an increase/change in their immunosuppression, pulse- 
dose steroids, or both. The additional procedures, 
inpatient admissions, more frequent outpatient visits 
secondary to these episodes had a negative effect on these 
patients HRQL. 


SEXUAL LIFE AFTER LIVER TRANSPLANTATION 


In the last 20 years, OLT has emerged as the treatment 
ofchoice for ESLD due to various causes. Most transplant 
centers reported 5-year survival rates for adult transplant 
recipients of about 80-90% and 9-year survival rates of 
7495.7 Recovery of active sexual life takes few months. 
Sexual health encompasses not only sexual function, but 
also involves the full range of human experience. 
Sexuality allows communication of emotional feelings, 
provides a means of physical pleasure and gratification, 
enhances feelings of self-worth, and strengthens 
relationships.”$ Sexual dysfunction can occur in both sexes 
before and after liver transplantation.???! Discussion of 
this aspect of health care should take place with patients. 


Most common complaints by men 
* Inability to reach orgasm 
* Erectile dysfunction 


Most common complaints by women 

* Dysparonia 
Evaluation of sexual health after transplantation is 

important for several reasons. 

* Sexual health is a common concern of many transplant 
recipients.523357 Many liver transplant recipients from 
the transplant clinic have expressed their concerns 
about the effect of liver transplantation on their sexual 
health. 

* Itcan providea more complete estimate of their overall 
health status after transplantation. 

* It can assist health care professionals in educating 
prospective transplant recipients, and it may help them 
provide post-transplantation counseling and 
intervention programs that focus on this specific area 
of the recipients' lives. 

A Spanish study from Barcelona, reported that women 
and older patients were more likely to experience sexual 
dysfunction.*#4 Riaz et al reported that 24% of the patients 
perceived that they suffered from sexual problems before 
transplantation, and this perception persisted in 15% after 
transplantation??? It is unclear whether sexual problems 
that persist after transplantation result from organic 
pathology, side effects of therapy, psychological reactions, 
or anxiety about sexual performance. 

Jin, et al. reported that 20% of the male and 26% of 
the female reported that their libido had decreased since 
transplantation. 33% of male and 26% of females have 
difficulty in reaching orgasm with intercourse after 
transplantation.**!° Another interesting aspect of this 
survey was the fact that a minority (19%) reported taking 
sildenafil to improve their sexual function. 


PSYCHOLOGICAL PROBLEMS IN PATIENTS 
ON WAITING LIST 


Patients on waiting list for a transplant present anxiety 
symptoms, fear of surgery, emotional problems, and 
alterations in mental health.5735 Liver transplant 
candidates have a considerable need for psychosocial 
counseling during the evaluation procedure, and 
professional psychosocial support should therefore be 
available in this critical period of the transplantation 
process. The relatively stable psychosocial well-being of 
patients on the waiting list, however, should not obscure 
the fact that stress continues after listing.” 


HRQL IN PEDIATRIC TRANSPLANTATION 


With improved immunosuppressive regimens and 
operative techniques, survival at 1, 5 and 10 years are 
95%, 85% and 80% respectively? The expectation is that 
these survivors will lead healthy lives, performing 
everyday activities, free from the burden of chronic illness 
pediatric juvenile arthritis, asthma, and epilepsy. HRQL 
in children includes 5 aspects of health such as physical 
health, mental health, social functioning, role functioning 
and general health perceptions.*!#? Demographic 
variables including race and parental education level have 
a known impact on HRQL in healthy children, with 
children of non-Caucasian race and those with parents 
of lower educational status having lower reported 
HRQL.54 

Few studies reported that HRQL after transplantation 
appears to be equal to or better than that of children and 
adolescents with other chronic illnesses.*545 Alonso et al^ 
reported the first multicenter study to evaluate HROL 
in pediatric liver transplant recipients. The physical 
function in this older age group is significantly lower than 
that of healthy children, and their parents experienced 
more emotional stress and disruption of family activities. 
In both short-term and long-term follow-up, transplant 
families frequently struggle with the burden of on going 
medical care, which can disrupt their routines and 
generate anxiety about their child’s future health. 
Provision of both pre and postoperative psychological 
support, not only for the child receiving the transplant, 
but also for his whole family, including the siblings and 
the partners of the living donors is essential. 


PSYCHOLOGICAL COMPLAINTS IN DONORS 

Donor procedure in Adult LDLT has an estimated 
mortality of 0.55. Devastating complications of donors 
themselves undergoing salvage liver transplantation have 


also been reported® Apart from these incidences, about 
20755! and up to 67% of donors in one series? developed 
complications. Another series says 71% of donors 
reported abdominal symptoms several months after 
surgery, which they attributed to the surgery.“ 96% of 
donors were able to return to work 10 weeks (mean) after 
surgery. 

Living liver donors represent a healthy sample who 
is subjected to emotional and physical stress. Actual 
donors have better psychosocial resources at their 
disposal than potential donors and are therefore able to 
cope with the stress of the operation. 


DIFFERENT PSYCHOLOGICAL COMPLAINTS 
IN THE DONOR 


* Diffuse abdominal symptoms?5: 
* Sexual dysfunction? 
* Abdominal pain** 
* Anxious depression” 

Erim et al reported that female donors and donors with 
a more complicated postoperative course more often 
develop psychiatric symptoms and should receive 
adequate care." The benefits of live liver donation 
outweigh the risks, and that Adult LDLT is justifiable until 
the supply of deceased donor liver grafts improves 
significantly. The donor should be provided with more 
accurate and the most up-to-date information on the 
success of the recipient operation in practice and the risk 
to be incurred in the donor operation. Recovery of the 
donor is most prompt for mental domains. Physical 
recovery takes 6 to 12 months to complete. This long time 
interval to return to normalcy is required even in adult- 
to-pediatric LDLT.5* 
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INTRODUCTION 


Liver transplantation is well established in Western 
countries in the 1980s, after the introduction of 
cyclosporine A in 1979.1? The number of liver transplants 
rapidly increased, leading to a serious shortage of grafts 
in many transplant centers in Europe and the USA. In 
Asian countries, cadaveric organ transplantation was 
introduced in1990s, but due to religious and ethical 
opposition, debate over the definition of brain death and 
lack of public understanding about transplantation, the 
number of DDLTs performed was far less as compared 
to West. Laws defining brain death were introduced in 
Taiwan (1987), Singapore (1987), the Philippines (1992) 
and Japan (1997). Still the rise in the number of DDLTs 
was not significant. To overcome these obstacles and to 
meet the donor organ shortage living donor liver 
transplantation (LDLT) was introduced in Japan, and 
spread to Korea, Taiwan, Hong Kong and other Asian 
Countries. 


Milestones of LDLT5?2 
Adult to child LDLT 


Year Surgeon Country Type of graft 


1988 Raia Brazil Left lateral segment graft 
1989 Nagasue Japan ^" 
1991 Broesch Europe " 
1993 Yeung Hong Kong a 
1994 Lee Korea " 
1993 Chen Taiwan " 
1997 Dou China. » 
Adult to adult LDLT 
1993 Makuuchi Japan Left lobe graft 
1994 Fan Hong Kong " 
1996 Fan Hong Kong Right lobe graft 
1997 Lee Korea ^ 
1998 Broesch Europe " 
1998 Wachs USA 
2000 Chen Taiwan 


Asian Society of Transplantation founded in 1989 
includes 16 countries involved in this survey were 
Bangladesh, Hong Kong, India, Indonesia, Japan, Korea, 
Malaysia, Oman, Pakistan, China, Philippines, Saudi 
Arabia, Singapore, Taiwan, Thailand, and the United 
Arab Emirates (UAE).* Asian countries such as China, 
Japan, Korea, India, Hong Kong, Saudi Arabia, Singapore, 
and Taiwan are performing both living and cadaveric 
liver transplants* Liver transplantation was performed 
in all the countries except Bangladesh, Indonesia, Oman, 
and the UAE in 2000.4 

LDLT was originally used initially in small children, 
but the indications have gradually been extended to larger 
and older children, small adults, and finally to all adults. 
Concomitant with this expansion, liver graft has shifted 
from the left to the right side. Compared to rapid growth 
of liver transplantation in West, liver transplantation in 
Asia did not become well accepted until the early 1990s. 
First LDLT in Asia was performed by Nagasue et al. in 
1989 in Japan? 

The initial reports of LDLT grafts comprised left lateral 
segment graft, extended left lateral segment graft and left 
lobe graft with middle hepatic vein (MHV), all of which 
entail similarly small surgical risks to donors. Extension 
of indications from small children to larger and older 
children was therefore rather smooth. The next major step 
was application of the procedure to large adolescents and 
adults. At this stage, the problem of small-for-size graft 
was encountered, with associated poor early graft 
function, hepatocyte injury and, most importantly, 
reduced patient survival. Overcoming this difficulty 
required the use of larger hepatic grafts, necessitating 
right lobe graft. Right lobe graft was introduced by the 
Kyoto team in 1994.5 
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LIVER TRANSPLANTATION IN ASIAN COUNTRIES 
JAPAN 


Law permitting organ retrieval from brain-dead donors 
was implemented on 16 October 1997. Till 2004 only less 
than 40 liver grafts from brain-dead donors have been 
used. First cadaveric liver transplant was performed in 
February 1999. The number of LDLT cases has exceeded 
3000 in Japan by 2004. However, it is still difficult to 
perform retransplantation because of the shortage of 
transplantable organs from brain-dead donors. 
* First DDLT was performed in 1968 
* First LDLT (adult to child) was performed in 1989 
* First LDLT (adult to adult) was performed in 1993 
According to the Japanese liver transplant registry, 
3246 liver transplantations were performed by the end 
of 2004. 
* Total DDLT were 28 (17 Adult + 11 Pediatric patients) 
* Total LDLT were 3218 (1790 Adult + 1428 Pediatric) 


Cumulative survival rates after liver 
transplantation in Japan (%) 


Type of LTX 1 year 5 years 10 years 15 years 
Primary (3129 cases) 824 770 726 726 
Re-transplantation (85 cases) 45.8 44.3 - - 
Type of graft 

Right lobe graft (1106) 795 71.6 69.5 a 
Left lobe graft (619) 75 715 67.5 67.5 
Lateral segment (1040) 87.4 85.3 80.1 80.1 
Whole liver (10) 80.0 * > > 
Blood type 

Identical (2290) 83.0 77.5 72.6 72.6 
Compatible (661) 811 764 730 3 
Incompatible (268) 69.1 641 599 x 
Age (years) 

30-39 (1105) 84.1 80.5 75.6 75.6 
40-49 (706) 818 756 67.6 = 
50-59 (423) 738 63.1 59.7 * 
»60 (103) 669 57.1 574 > 


(Source: Japan liver transplantation registry, 2004 data) 


TAIWAN 


* First DDLT was performed in March 1984 (Chen CL) 

* Transplant legislation act was introduced in 1987 

* Brain death declaration legislation act was introduced 
in 1987 

* 1st pediatric liver transplantation was performed in 
1992 

* 1st LDLT was performed in 1994 (adult-pediatric) 
(Chen CL) 

* 1st Adult to Adult LDLT was performed in 2000 

e 1st split liver transplant: May 21, 1997 (First Split LTX 
was performed in Asia, by Chen CL) 


* Taiwan organ registry and sharing center was started 
in 2002 as per the UNOS policy 
* Revision of transplant registration-2003 
e No. of transplant centers: 12 for LDLT and 20 for DDLT 
* No. of patients on waiting list for liver till Apr, 2008- 
835 patients 
* Longest survival 
- LDLT-23 years (Wilson disease, DDLT-longest 
survival in Asia) 
- DDLT-14 years 
Etiology of liver transplantation in Taiwan: HBV is the 
most common cause of LTX. Mostly transmitted through 
vertical transmission rather than other methods. 


Etiology LDLT DDLT 
HBV 34.4% 23.0% 
HCV 21.0% 7.8% 
HBV+HCV 1.7% 1.196 
HCC 1.1% 0.7% 
HBV+HCC 20.0% 13.3% 
HCV+HCC 7.8% 6.2% 
Others 23.3% 47.9% 


(Source: Lee PH, Data from National Taiwan University 
Hospital Apr 2008) 


Country Survival 
1 year 5 years 

Taiwan 95% 91% 
(CGMH, Kaohsiung) 
USA 88% 77% 
Europe 

Pediatric 81% 78% 

Adult 74% 58% 
Japan 

Pediatric 86% 83% 

Adult 76% 69% 
KOREA 


Korean National Organ Sharing system (KNOS) was 
established in February 2000. First LTX (DDLT) in Korea 
was done in 1988 at Seoul National University Hospital 
(SNUH) in a 26 years old female with Wilson disease.1314 
* First pediatric LDLT-1994 

* First adult LDLT-1997 

* First dual grafts TX was performed in Korea in 2000 
* Brain death account for 1% of all deaths and 9.4% of 
ICU deaths 

600 LTXs have been performed in the last 3 years 
(60% LDLT) 


* HBV is the most common etiology and includes 80% 
of all liver transplants. 

* 5 year survival more than 80% 

* Donor exchange program was introduced to avoid 
ABO incompatibility 

* 5centers have a case load of more than 20 cases/year. 

* No. of liver transplantation centers 1988-1, 1992-3, 
2002-22 and 2006-19. 


INDIA 


* Human organ transplantation act was introduced by 
Government of India in 1994 

* Approximately 450 liver transplants till end 2007 

* Approximately 325 LDLT and 125 DDLT 

* 23 liver transplantation centers; only 3 centers have 
a volume of >20 cases/year. Only two high volume 
centres from north India with >50 cases per year and 
so far has more than 200 liver transplantations. 

* Donor deaths-3 reported (1 from North and 2 from 
South) 

* First DDLT was attempted in 1995 in AIIMS, New 
Delhi. 

* First successful DDLT was performed in 1998 

* Firstsuccessful LDLT was performed in 2000 (Soin AS) 

* Combined Kidney and liver transplant for 
Hyperoxaluria from two live donors-was performed 
in May 2007 


Major Hurdles for Development of Liver 
Transplantation in India 


e Lack of adequate infrastructure and number of centers 
as per the population. 

e Lack of adequate number of expertise compared to the 
population. 

* Unregulated proliferation of centers. 

* Fly by night centers—surgical team fly over night to 
do transplant in a centre where no expertise available 
for post-transplant management. 

* Lack of interest/attitude for multidisciplinary 
approach. 

* Neurologists/neurosurgeons reluctant to motivate 
donation as they fear they may be labeled as "organ 
suppliers" 

* Lack of uniform health insurance policy for the 
population. 

* People in low socioeconomic class can't afford 
transplantation cost. 


* Funds-Self/Govt./NGO/Collection by appeal or 
loan/Insurance 
* Lack of public awareness 
* Superstition and misplaced religious beliefs. 
Reluctance to spend money and resources on pediatric 
transplantation 
* All ICUs are not accredited for organ retrieval when 
cadaver is available. 
* Lack of certification of brain death and deferring the 
announcement of brain death 
* Minimal sharing between the states. Lack of 
centralized organ sharing policy 
* Brain death law requires that centers who certify brain 
death, must be licenced to harvest organs—an 
unrealistic law 
* Medicolegal problems 
* Less number of OPOs (Organ procurement organiza- 
tion) compared to the area and population 
* Regional OPOs operating in India: 2 govt. and 4 NGO 
— ORBO (organ retrieval and banking organization) 
by Govt. of India 
- AORTA (Armed Forces Organ Retrieval and 
Transplantation Authority), from Armed forces 
- Apollo liver transplantation registry 
- MOHAN (Multiorgan harvesting aid network) 
- COPA (City based organ procurement agency ) 
- HOPE (Human organ procurement and education) 
* Different OPOs operating in different cities 
- ORBO, HOPE, AORTA-New Delhi 
- NKF, NARMADA, MOHAN-Mumbai and 
Maharashtra 
- MOHAN ANDTANKER-Chennai and Tamil Nadu 
- MOHAN-Hyderabad 
- FORTE and ZCCK-Bangalore 
— SORT-Cochin 
Alcohol and hepatitis are the common cause of 
cirrhosis in India. Many patients not able to afford liver 
transplantation due to poverty and the transplantation 
mostly restricted to expensive corporate sector hospitals. 
Public sector hospitals lacking the facility for 
transplantation. 


HONG KONG 


Results of adult right lobe transplantation (Source: LDLT 
by Fan ST). 


Years Graft survival (%) Patient survival (%) 


100.0 DOLT - Deceased donor liver transplantation 
1 year 92.5 93.2 LDLT - Living donor liver transplantation 
3 years 85.2 85.9 
5 years 80.1 82.6 a s 


LDLT (Rt. lobe) DDLT 
(n=252 cases) (n=146 cases) 


Actuarial graft survival (%) 83.7 82.2 
Actuarial patient survival (%) 84.9 84.2 
SINGAPORE 


The first liver transplantation in Singapore was performed 
in National University Hospital (NUH), Singapore in 
1990. 


LIVER TRANSPLANTATION IN WESTERN lj 
COUNTRIES DDLT LDLT 


/UNOS/OPTN data as of 22 Aug. 2008; Source: Website www.unos org. 


Liver transplantation results according to data from 


UNOS? as of 22nd August 2008 are shown below Figure 37.1: 1, 3 and 5 years survival rate in 
(Figures 37.1 to 37.7, Data reproduced with permission). DDLT vs. LDLT (UNOS Data) 

100.0 

90.0: 


O 1 year 
Bi 5 years 


AHN: Acute hepatic necrosis 

BN: Benign neoplasms 

CF: Cystic fibrosis 

CLD/CR: Cholestatic liver dis /Cirrhosis. 
EHBA-Extrahepatic biliary atresia 
OLD: Other liver diseases. 
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UNOS/OPTN data as of 22 Aug. 2008; Source: Website www.unos.org. 


Figure 37.2: 1 and 5 years survival rate according to the indication for LTX (UNOS Data) 


D 1 year 


Survival rate (96) 


Survival rate (%) 


Primary transplantation. Retranspiantation 


Status! — Status2A 
'UNOS/OPTN data as of 22 Aug. 2008; Source: Website www.unos.org. 


'UNOSIOPTN data as of 22 Aug. 2008; Source: Website www.unos org. 
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Figure 37.3: 1, 3 and 5 years survival rate in Primary 


Figure 37.5: 1, 3 and 5 years survival rate according to the status 
LTX vs. Retransplantation (UNOS Data) of the recipient at the time of transplantation (UNOS Data) 
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Figure 37.4: No. of liver transplants according to the year in USA (UNOS Data) 
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'UNOS/OPTN data as of 22 Aug. 2008; Source: Website www unos. org. 


Figure 37.6: 1 and 3 years survival rate according to the 
MELD score (UNOS Data) 


LIVER TRANSPLANTATION IN EUROPE 


Number of LTX centers in Europe (Figure 37.8). 137 
centers in 23 Countries. From 1968 and June 2006, 70862 
liver transplantations have been performed in Europe.* 


European liver transplant registry 
statistics upto 10 September 2007 


‘Survival Patient survival (36) Graft survival (56) 

rates 1968-1988 after 1988 — 1968-1988 after 1988 
(n=2006) (n-65612) ^ (n=2208) (n=73117) 

1 year 53 82 48 75 

3 years 45 75 40 68 

5 years 41 71 36 63 

10 years 36 61 31 53 


(Source: www.eltr.org; Last updated-10 Sept 2007)(n- number 
of patients) 
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INTRODUCTION 


Hepatocellular carcinoma (HCC) is the fifth most common 
cancer in men and ninth most common cancer in women 
worldwide with 1 million new cases a year. Its incidence 
is increasing due to improved diagnostic techniques and 
due to long-term consequences of HBV and HCV 
infection. HBV infection is the single most important 
cause of HCC worldwide, the incidence of HCC is higher 
in countries like China, Taiwan, South Asia and South 
Africa where the incidence of HBV infection is high than 
in Western populations. In Taiwan HCC is the most 
common malignancy among men. In the West, alcohol 
use and hepatitis C are the major risk factors for HCC; 
hepatitis B virus (HBV) infection plays a secondary role.’ 
In USA, the incidence of HCC also has been rising during 
the last decades, from 1.4 per 100,000 populations from 
1976 to 1980 to 2.4 per 100,000 populations from 1991 to 
1995. This increasing tendency will continue over the next 
20 years.13 2 to 8% annual incidence of HCC is seen in 
cirrhotic patients. HCC is a growing indication for LTX 
as the cirrhotic patients with HCC are given a higher 
priority for LTX. 


STAGING OF HCC 

When trying to stratify patients who have HCC, both the 

tumor characteristics and the underlying liver function 

should be assessed. Different staging systems of HCC are 
shown in the tables below: 

A. The American Joint Committee on Cancer Tumor- 
Node-Metastasis (AJCC TNM) classification is used 
widely but depends on data after resection and is not 
applicable in patients who do not undergo treatment 
involving resection. 


American joint committee on cancer staging: 
TNM staging of HCC 
Primary tumor (T) 
* Tx - Primary tumor can not be assessed 
* TO - No evidence of primary tumor 
* T1 - Solitary tumor without vascular invasion 
* T2 - Solitary tumor with vascular invasion (or) 
Multiple tumors none » 5 cm 
* T3 - Multiple tumors more than 5 cm (or) 
Macs involving a major branch of the portal vein or hepatic 
vein 
* T4 - Tumor with direct invasion of adjacent 
Regional lymph node (N) 
* Nx - Regional nodes cannot be assessed 
* NO - No regional lymph node involvement 
* N1 - Regional lymph node involvement 
Metastasis 
* Mx- Distant metastasis can't be assessed 
* MO- No distant metastasis 
* M1- Distant metastasis 


Staging 
Stage II - T2 NO MO 
Stage IIIB - T4 NO MO 
Stage IV. - TX NX M1 


Stage! - Ti NO MO 
Stage IIIA - T3 NO MO 
Stage IIIC - TX N1 MO 


B. Okuda system developed in 1985, characterized 
patients by tumor size, presence of ascites, and 
biochemical markers such as albumin and bilirubin 
levels. 


Okuda staging 
Stage!  : 0 points Stage l| : 1 or 2 point 
Stage Ill : 3 or 4 points 
Points 0 1 
Tumor size < 50% of Liver > 50% of Liver 
Ascities No Yes 
Albumin (gm/dl) 23 <3 
Bilirubin (mg/dl) <3 23 


C. CLIP Scoring system 


Cancer of the Liver Italian Program (CLIP) 
Scoring system (1988) 

Score of 0-2 is assigned for each of the 4 parameters: Range 
of score is 0-6 

Child-Pugh stage 

* Stage A=0 

* Stage B= 1 

* Stage C=2 

Tumor morphology 

* Uninodular and extension < 50% = 0 

* Multinodular and extension < 50% = 1 

* Massive and extension > 50% = 2 

Alpha-fetoprotein 

* «400-0 

* 2400-1 

Portal vein thrombosis 

* Absent = 0 

* Present = 1 


D. The Japan Integrated Staging Score from the Cancer 
Study Group of Japan combines Child-Pugh staging 
with a modified TNM classification 


TNM staging by Liver Cancer Study Group of Japan 
Factors 


* Number of tumors: single 

* Tumor size: « 2 cm 

* No vascular invasion (portal vein, hepatic vein, bile duct) 
Staging definitions 

* T1: Fulfilling all three factors 

* T2: Fulfilling two factors 

* T3: Fulfilling one factor 

* T4: Fulfilling none of the factors 

N: Regional 

* Stage |: TINOMO 

* Stage Il: T2NOMO 

* Stage Ill: TÀNOMO 

* Stage IV-A: TANOMO or T1-4, NTMO 
* Stage IV-B: T1-4, NO or 1, M1 


DIAGNOSIS 


HCC is usually diagnosed during screening/follow up 
of HBV patients or investigations for symptomatic HCC. 
Symptomatic HCC has a very poor prognosis, with a 
median survival of 1 to 8 months and a 5-year survival 
rate of only 3%.** Screening of HCC includes routine 
assessment for viral markers, tumor marker (alpha- 
fetoprotein) and abdominal imaging by USG. a- 
fetoprotein is neither sensitive nor specific. Alpha- 
fetoprotein level > 200 ng/dL is highly suspicious for 
HCC.!57 Contrast enhanced CT Scan and MRI imaging 
are usually done in case of positive findings on initial 
screening. Maciel et al. showed CT sensitivity of 70.3 and 
72% for US? Boin et al. reported that the CT sensitivity 
was 83.3% and specificity 80.1%, whereas USG sensitivity 
was 75% and specificity 80.1%.° 


LiverTransplüntition ee e amo o 


Burrel et al reported that MRI angiography is 
significantly better than triphasic helical CT in detection 
of HCC nodules (76% versus 61%), particularly in 
additional nodules between 10 to 20 mm in diameter (84% 
versus 47%).1° Biopsy and histological proof is not 
required for diagnosis of HCC.HCC is a highly vascular 
tumor that demonstrates contrast uptake on dynamic 
imaging techniques early arterial phase and contrast 
washout in the delay venous phase. HCC is diagnosed 
on the basis of typical findings on contrast enhanced CT 
scan and biopsy is not required in majority of the patients. 
Torzilli et al. reported that the accuracy of FNA-biopsy 
to diagnose HCC as 90-95%, a sensitivity of 85-90%, and 
a specificity of 100%. Similar results have been achieved 
employing only radiological (ultrasound, abdominal 
lipiodol-CT, MRI) and biological studies (tumor markers): 
99.6% accuracy, 100% sensitivity, and 98.8% specificity. 
Hence preoperative FNA-biopsy is not necessary and 
should be avoided before transplantation.!!? Biopsy is 
recommended in HCC » 2 cm without the typical vascular 
pattern and normal alpha-fetoprotein level. Nodules of 
1 to 2 cm can be diagnosed as HCC when there is 
concordance between two different imaging techniques. 
Regular follow-up of tumors < 1 cm,.24 


BCLC STAGING CLASSIFICATION AND 
TREATMENT (BARCELONA CLINIC LIVER 
CANCER)** 

Most widely accepted. This is based on tumor factors 
(size, nodularity), liver functions and treatment 
modalities.” 


EARLY STAGE HCC (STAGE A) 


Stage A1: Single tumors and absence of relevant portal 
hypertension and normal bilirubin. 


Stage A2: Single tumors associated with relevant portal 
hypertension and normal bilirubin. 


Stage A3: Single tumors with both relevant portal 
hypertension and abnormal bilirubin. 


Stage A4: Three tumors smaller than 3 cm regardless of 
liver function. 

INTERMEDIATE STAGE 

Stage B: Asymptomatic patients with multinodular 
tumors without vascular invasion or extra hepatic spread. 
ADVANCED STAGE (AT LEAST ONE CRITERIA) 


Stage C: Symptomatic patients (PS 1-2) and/or those with 
invasive tumor pattern reflected by vascular invasion or 
extrahepatic spread. 


END STAGE (AT LEAST ONE CRITERION) 
Stage D: Patents with severe cancer related symptoms 
(PS3-4) or with tumors arising in heavily decompensated 
cirrhosis (Okuda stage III or Child-Pugh). 

End stage disease (D) has an extremely grim prognosis 
and should receive only symptomatic treatment.*^ 


TREATMENT STRATEGY ACCORDING TO 

BCLC STAGING (FLOW CHART 38.1) 

Stage 0: Patients who have very early HCC are optimal 
candidates for resection. 

Stage A: Patients who have early HCC are candidates for 
radical therapies (Resection, ablation, percutaneous 
ethanol injection, or liver transplantation). 

Stage B: Patients who have intermediate HCC may benefit 
from chemoembolization. 

Stage C: Patients who have advanced HCC may receive 
new agents in the setting of a randomized, controlled trial. 


Stage 0 
PST 0, Child-Pugh A 


Very early stage (0) 
Single < 2 cm 
Carcinoma in situ. 


Early stage (A) 
single or 3 nodules 
<3cm, PSO 


l 


Single 3 nodules < 3 cm 


Portal pressure/bilirubin 
Increased == Associated diseases 
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Stage A-C , 
PST 0-2, Child-Pugh A-B 


Intermediate stage (B) 
Multinodular, PST 0 


Stage D: Patients who have end stage disease receive 
symptomatic treatment. 


HCC-ROLE OF LTX 
In 1980s, high recurrence rate (32-54%) and poor outcomes 
(5 year survival < 40%) were obtained after LTX due to 
the acceptance of exceedingly advanced tumors with 
adverse prognostic factors such as macroscopic vascular 
invasion, lymph node involvement, and extrahepatic 
spread at the time of the procedure.!*5 Later reports 
suggest that more strict selection of patients like patients 
with solitary HCC « 5 cm or up to three nodules « 3 cm 
resulted in better survival rates (70% 5-year survival) and 
with a recurrence rate below 15*6.17-?? Reyes et al. 
evaluated 19 children with HCC who underwent 
deceased-donor OLT and reported overall 1-, 3-, and 5- 
year disease-free survival rates of 79%, 68%, and 63%, 
respectively.”! 

Outcome of HCC after LTX: Survival at 1,3 and 5 years 
and recurrence rates in different series$!415181995 


je D. 
PST >2, Child-Pugh C 


Advanced stage (C) End stage (D) 
Portal invasion, 


N1, M1, PST 1-2 


Figure 38.1: Treatment surgery PEI: Percutaneous ethanol injection, LDLT: Living-related donor liver transplantation 
(Reproduced with permission of J Bruix) 


Earlier studies 

Author 1 year 3 years 5 years Recurrence year 
Iwatsuki = 39% 36% 43% 1991 
Bismuth = 49% = 54% 1993 
Moreno = 67% 48% 32% 1995 
Studies based on more strict selection criteria 

Mazzaferro 84% — 74% 8% — 1996 
Bismuth 82% = 74% 11% — 1999 
Llovet 86% = 75% 4% 1999 
Jonas 90% = 7196 16% — 2001 


Earlier treatment of HCC was mostly by resection and 
ablation, but neither therapies minimized the risk of local 
recurrence nor prevented the complications of cirrhosis. 
Liver transplantation has emerged as the main treatment 
for early-stage HCC as it can be curative, minimize the 
risk of recurrence, and avoid the complications of 
cirrhosis.” In cirrhotic patients with HCC, orthotopic liver 
transplantation offers improved survival.3°7 


Milan Criteria 


Solitary lesion < 5 cm (stage 1) or < 3 lesions none > 3 
cm (stage 2). 

Patients who meet the Milan criteria and have no 
evidence of vascular invasion or metastasis are considered 
candidates for LTX. Within this criteria, the 1 year survival 
is 90% and 5-year survival is 75% and recurrence rate < 
259,222526 ` 

In early 1990s Bismuth et al. and Iwatsuki et al.!5 
identified the clinicopathologic risk factors associated 
with recurrence that led to the development of the Milan 
criteria by Mazzaferro et al. The Milan criteria now are 
used worldwide to identify patients who have HCC and 
who have a potentially good prognosis after LTX. At 
present transplant scenario, LTX has become a first-line 
treatment for patients who have early disease.725 UNOS 
currently follows the Milan criteria. Patients who have 
HCC have a priority for organ allocation because of the 
importance of waiting time for this particular group of 
recipients.??? Drop out rates due to tumor progression 
is >20% at 1 year. Yao et al. (2001) reported that waiting- 
list dropouts at 1 year are less in patients with solitary 
tumor « 3 cm and who meet the Milan criteria, but in 
patients with multiple tumors or a single tumor between 
3 and 5 cm had a 50% 1-year dropout rate.252625 


Reports using extended indications for 


HCC in DDLT^—** 
Author Selection criteria Total Beyond 5-year Year 
cases Milan — survival 
Yao one tumor< 65cm 70 — 75% 2001 
or 3 tumors « 4.5 cm 
and total tumor 
diameter « 8.0 cm 
Roayaie any HCC, no extra- 80 — 80 25% 2002 
hepatic spread no 
main portal invasion. 
Cilo — — 83 18 75% 2004 
Yeo Milan-UCSF 32 93% 2006 
Marrero Milan-UCSF 346 38% 2007 
Onaca Tumor 5-6 cm 24 55% 2007 
Duffy — Milan-UCSF 185 6496 2007 


UCSF Criteria (University of California at San Francisco) 
Solitary lesion « 6.5 cm or « 3 lesions none > 4.5 cm and 
total tumor diameter « 8 cm. Yao et al. showed that the 
patients who meet the UCSF criteria, achieved excellent 
results that were not different from those of patients 
within Milan criteria. The survival at 1 and 5-years are 
90 and 75% respectively.” 


University of Pittsburgh Criteria 

University of Pittsburgh criteria are based on pathologic 
features (nodal invasion, grade, vascular invasion, 
pathology size) that usually are not available before 
transplantation. By contrast, the Milan and UCSF criteria 
rely on factors (tumor size and number) that can be 
determined by preoperative imaging. 

To meet the donor-recipient disparity and to increase 
the number of liver transplantations in patients with HCC, 
techniques such as domino/split-liver transplantation, 
living-related donor liver transplantation, and use of 
extended-criteria donor livers are becoming popular. 
LDLT in patients, who exceed the Milan criteria, offers 
the possibility of early transplantation and eliminating 
the need for adjuvant therapies to prevent dropout. 


Marsh et al (2000) modified 
pathologic TNM staging? 


Stage T Unilobar (Any size/No vascular invasion) 
Biobar (Size < 2 cm + microvascular 
invasion 

Stage II Unilobar (> 2 cm + microvascular invasion) 


Stage III A Bilobar (> 2 cm) 

Stage III B Bilobar (> 2 cm + microvascular invasion) 
Stage IV A Any lobe, any size, macrovascular invasion 
Stage IV B Lymph nodes + metastasis 


UNOS SCORING SYSTEM FOR HCC PATIENTS ON 
WAITING LIST 


UNOS adopted the MELD scoring system and a variable 
score between 24 to 29 points for HCC patients. Patients 
who have HCC are assigned a higher MELD score based 
on tumor staging. Patients who had a T1 lesion initially 
were registered at a MELD score equivalent to a 15% 3- 
month mortality risk before transplantation (i.e. a score 
of 24), which was revised in April 2003 to an 8% mortality 
risk, a score of 20. Patients who had a T2 lesion initially 
were listed at a MELD score of 29, which was equivalent 
to 30%, 3 month mortality, later revised to a score of 24 
or 15% mortality risk. Patients with HCC receive a 10% 
mortality bonus every 3 months while continuing on the 
waiting list until they are transplanted, die, or become 
no longer suitable for transplantation. Later, in November 
2003, priority for patients who have a T1 lesion was 
eliminated. 

Volk et al. reported the comparison of mortality risk 
according to the rise in MELD score in HCC patients?! 
Harm caused to individual patients on the waiting list 
when the patient with Milan-UCSF+ HCC receives an 
organ 


Patient MELD score Increase in mortality risk 
HCC within Milan criteria 0.4% 
MELD 11-20 0.1% 
MELD 21-30 1.1% 
MELD >30 42% 


DROP OUT FROM THE WAITING LIST 


Drop out from the waiting list is due to tumor progression 
and while the tumors were listed at a more advanced 
stage, dropout rates are high. Yao et al. reported 
cumulative drop-out rates at 6 and 12 months for patients 
with single HCC >3 cm or with 2-3 nodules to be 12% 
and 56%, versus 0 and 10% with solitary HCC < 3 cm. 
Poon et al. reported in a series of 80 patients with HCC 
who were enlisted for LTX with exceeding Milan criteria 
but without main portal vein invasion and extrahepatic 
spread.?? Patients were treated with preoperative 
chemoembolization and adjuvant treatment with 
systemic doxorubicin. Mean waiting time was 142 days 
and drop out rate was 46%. Overall 5-year intention-to- 
treat survival was of 25%. 5-year survival rates above 50% 
in patients transplanted for tumors of 5-7 cm without 
vascular invasion. This demonstrates that the group of 
patients with expanded criteria is obviously 
heterogeneous, and selection refinements are required. 

At present average waiting period in USA and Europe 
is over 12 months. UNOS data base reveals that the 
number of patients excluded while waiting almost equals 


the number of patients transplanted. The drop out rate 
may account for 20 to 30% of cases.*> Roayaie et al. 
reported that a baseline a-fetoprotein levels > 200 ng/ 
ml, tumors > 3 cm in diameter, tumor doubling time < 
6 months, and treatment failure as independent predictors 
of dropout.* 


HCC RECURRENCE 
HCC recurrence is difficult to treat in a curative way and 
can only be prevented by employing restricted criteria 
for OLT. 
Different authors had reported different predictive 
factors for HCC recurrence such as:!925248389 
* Tumor size 
* Preop AFP level > 200 ng/mL 
* Bilobar lesions 
* Vascular invasion 
* Histological differentiation 


Author Predictive factors of HCC 
recurrence!925248385 

Roayaie Vascular invasion, tumor size 

Jonas Vascular invasion, histological grade 

Hemming Vascular invasion 

Llovet Vascular invasion 

Todo Tumor size, AFP, bilobar disease, vascular 
invasion 


In patients who met the Milan criteria, the recurrence 
incidence was « 10%. Larger incidence of extrahepatic 
recurrence among patients with an AFP level above 200 
ng/mL (37.5% vs. 13.3%), however, no relation was 
observed to hepatic recurrence.5! 


OTHER PROGNOSTIC MARKERS 


Tanaka et al. reported that the HCC patients with 
preoperative results of serum 7S collagen level («8.0 ng / 
ml) the average of yearly recurrence rates was 16% in 
the lower 7S collagen level group versus 27% in the higher 
level group and suggested that the patients with lower 
7S collagen levels are more eligible for initial liver 
resection than salvage liver transplantation rather than 
primary LTX.*° Yao et al. reported that serum tissue 
polypeptide specific antigen (TPS) levels 3150 U/l have 
been reported to have a 50% recurrence rate at 12 months 
after resection or transplantation. Low-dose 
immunosuppressive therapy and expanded criteria for 
liver transplantation in patients with HCC, especially 
when donation from a living related donor is possible, 
appear to inhibit disease recurrence and improve 
outcomes.?? 


Marubashi et al. reported that the presence of AFP 
mRNA-expressing cells in the peripheral blood could be 
a useful predictor of HCC recurrence in liver transplant 
patients, "^7 whereas Oya et al. reported that Human 
telomerase reverse transcriptase (h-TERT) mRNA 
seemed to prove more valuable than AFP mRNA not only 
to assess preoperative treatment modalities and 
postoperative patient surveillance, but also to evaluate 
prospective LDLT patients with HCC.* Saborido et al. 
reported that preoperative liver biopsy is associated with 
a larger incidence of tumor recurrence after LTX and it 
is not necessary prior to an OLT for HCC." 


CORRELATION OF HBV AND HCC RECURRENCE 


HBV infection is a leading cause of HCC worldwide, i.e. 
approximately 53% of HCC cases are related to HBV.5546 
Kiyici et al. demonstrated the relationship between HBV 
and HCC recurrences in patients with OLT. It is suggested 
that reappearance of HBsAg can be used as a surrogate 
marker for the development of HCC recurrence in OLT 
patients with HBV and HCC.55 

In patients with HBV related cirrhosis with HCC, 
antiviral prophylaxis is associated with improved 
survival and reduction in HCC recurrence after 
transplantation. Whether the combination of HBIG and 
lamivudine has a direct antineoplastic effect, distinct from 
suppression of viral replication, is not known. A 
multicenter study with a larger cohort of patients will 
be necessary to validate these findings. 


LIVER RESECTION FOR HCC 


Liver resection for Child A patients with a single nodule 
of HCC is now associated with a very low postoperative 
mortality*55! and a 1-year overall survival rate of up to 
70%; 3-year disease-free survival is 50% in most series, 
and the 5-year disease-free survival is up to 25 to 
307055508? Gaudio et al. reported that keeping in view 
of the shortage of organs, liver resection is an acceptable 
treatment with similar overall survival at 5 years?? 
without an increase in perioperative complications to 
primary OLT but with an increased risk of recurrence in 
patients with small HCC and well-compensated cirrhosis, 
with salvage LTX offered at the time of HCC recurrence 
or liver decompensation, as a safe and effective 
approach? 

In contrary, Baccarani et al. reported that OLT is 
superior to hepatic resection for small HCC in cirrhotic 
patients assuming that OLT can be performed within 6 
to 10 months after listing to reduce dropouts due to tumor 
progression. Similarly Rayya et al. reported that liver 
resection for HCC in cirrhosis should be performed with 


caution. OLT showed good long-term survivors in early 
HCC in cirrhotic patients than liver resection. For HCC 
in noncirrhotic livers, liver resection remains the 
treatment of choice, justifying an extensive surgical 
approach due to favorable long-term survival.595 


BRIDGING THERAPY 


It is the treatment option for HCC patients on waiting 
list. Purpose of bridging therapy is to prevent the tumor 
progression during the waiting period and to decrease 
te drop out rates. 

Transarterial chemoembolisation (TACE) 
* Percutaneous ablation therapy: 

- Radiofrequency ablation (RFA) 

- Percutaneous ethanol injection (PET) 

- Other less commonly used methods 

- Cryotherapy 

- Microwave therapy 

— Laser therapy 

- Hot saline injection 


TACE 


Tt is used before transplantation to maintain curability 
while awaiting a graft, in conjunction with other ablative 
therapies, or alone as a palliative treatment. TACE is the 
most common modality used to treat HCC in patients 
awaiting LTX (Figures 38.1A to D). TACE consists of the 
injection of one or more chemotherapy drugs, with or 
without lipiodol, into the hepatic artery followed by the 
administration of embolizing agents (coil/gel foam). 
Most commonly used chemotherapeutic agents are 
Doxorubicin, Adriamycin, Cisplatin, Mitoxantrone and 
Mitomycin C. These agents are suspended in a carrier 
substance, typically lipiodol that is selectively retained 
within the tumor.?^** Chemotherapeutic agents 
are delivered with concomitant embolization to increase 
the local chemotherapeutic dwell time and induce tumor 
ischemia. 


Contraindications for TACE 
Portal vein thrombosis 
Presence of portosystemic shunt 
Renal failure 
Extrahepatic metastasis 
Advanced liver dysfunction 


Child-Pugh class A and B patients can tolerate the 
procedure, in child patients; mortality rate is as high as 

60%.* Risk is increased in the absence of portal perfusion 
of the liver due to thrombosis or transjugular 
portosystemic shunt. 
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Figures 38.1A to D: HCC, two tumors in the right lobe of a recipient on waiting list. Post TACE 
necrotic tumors shown as hyper dense lesions due to lipiodol accumulation in the tumor area 


Complication of TACE#5559.0 
Post embolisation syndrome: 
- Transitory abdominal pain 
— Paralytic ileus 

— Fever ( <10-27%) 

Ischemic cholecystitis 

Hepatic abscess/infarction 
Biliary strictures 

Spontaneous bacterial peritonitis 
Tumor rupture 

Biloma 

Sepsis 

Mortality (4%) 


RADIOFREQUENCY ABLATION (RFA) 

It has emerged as bridging therapy to LTX when the 
patient is on waiting list.7227 RFA has been used 
increasingly as the preferred percutaneous therapy 


because it produces more consistent local tumor control.‘ 
Using the radiofrequency range of 400 to 500 kHz, it 
causes thermal damage in the liver tissue. It can be applied 
percutaneously using ultrasound, CT, or MRI guidance, 
laparoscopically or by laparotomy." RFA produces 
better result in tumors smaller than 3 cm. It creates a zone 
of thermal necrosis encompassing the tumor and a 
surrounding zone of normal tissue. The disadvantages 
are the higher cost and the higher rates of complications 
(8.9%) and mortality (0.5%).616566 

Previous reports have demonstrated complete 
coagulated necrosis in up to 75% of lesions treated with 
PAI and in 90% of those treated with RFA. 3-year survival 
rates for patients treated with PAI or RF have been 
reported to range between 68 and 80%, depending on the 
size and number of tumors.5 Choi et al. reported that 
the effectiveness rate for RFA in treatment of HCC is 
96.7%. The cumulative rates of local tumor progression 


at 1, 2, and 3 years were 8.1%, 10.9%, and 11.8%, 
respectively. The cumulative survival rates at 1, 2, 3, 4, 
and 5 years were 95.2%, 82.9%, 69.5%, 60.8%, and 58.0%, 
respectively. Patients who had Child-Pugh class A 
cirrhosis, younger age (< 58 years), and an alpha- 
fetoprotein level of 100 mg/] or lower demonstrated better 
survival tumor control rate. 


Complications of REA” 
Tumor recurrence 
Hemothorax 
Intraperitoneal bleeding 
Bowel perforation 
Mortality (<1%) 


Shiina et al. reported post-RFA tumor implantation is 
2.5957! whereas Llovet et al.7? reported 12.5%, which 
related to subcapsular tumor location; no other 
subsequent series has found a similarly high incidence. 


PEI ABLATION 


It consists of the injection of absolute ethanol directly into 
a lesion through a fine needle under USG guidance. This 
procedure can be performed safely even in lesions 
protruding from the liver surface and those adjacent to 
the gallbladder, GI tract or diaphragm, for which it may 
be difficult to perform RFA safely. PEI is a well-tolerated 
procedure that is inexpensive and has few side effects 
with a complete response in 80% of tumors < 3 cm. A 
poorer response is obtained with tumors between 3 and 
5cm: complete necrosis is obtained in less of 50% of these 
cases, probably because the presence of intratumoral 
septa limits the spread of injected ethanol in bigger 
tumors. Response is considered to have occurred when 
a CT evaluation shows an extensive non-staining low- 
density area, indicating complete necrosis of the lesion. 


Contraindications of PEI*/* 
Gross ascites 
Severe coagulopathy 
Tumor seeding along the needle track (1.7%) 


5-year survival rate after PEI is 50% in Child A HCC 
patients. These results are comparable to those achieved 
with surgical resection. Ebara et al. reported that 
cumulative recurrence rates of HCC at the treated site 
after PEI ablation are 3.4%, 7.1%, and 10% at 1, 2, and 
3 years, respectively. The survival rates at 1, 3, 5, and 
10 years after PEI ablation are 99.2%, 81.6%, 60.3%, and 
20.7%, respectively. Recurrence at the treated site was 
observed in 9.3% of patients. 


ROLE OF LDLT IN HCC PATIENTS 


LDLT in HCC patients has several benefits, namely, a 
reduction of pretransplantation waiting time (and 
therefore less pretransplantation morbidity /mortality as 
well as reduced overall costs to treat complications of 
HCC), an elective nature, and a decreased incidence of 
graft dysfunction, so it is currently being performed at 
many centers worldwide.”°7 The estimated donor death 
risk is 0.5%, Any transplant center should balance the 
benefit of the recipient and risk in the donor before going 
for a LDLT in HCC patients.” The outcome in LDLT is 
not different from those receiving deceased donor livers. 
If the patients fulfill the Milan criteria, 3 year survival 
rate is 78.7% and HCC recurrence rate is 1.4%.”° One of 
the major concerns in LDLT is HCV recurrence in the graft 
after transplantation leading to more aggressive impact 
of graft function. 

The Milan criteria are derived from cadaveric organ 
allocation, but the situation is quite different in LDLT, 
in which the donor has a strong will for giving and 
dedication, and the liver graft is considered a private gift 
instead of a public resource. Jiang et al. reported that 
LDLT offered an acceptable survival for HCC patients 
who otherwise would die soon because of the particular 
risk of tumor progression. When the UCSF criteria are 
applied to HCC patients, the overall 1-year and 3-year 
actuarial survival rates were 84.01 and 71.40%, 
respectively, similar to those of patients undergoing LDLT 
for various nonmalignant diseases during this period.?? 
In another study from Japan,? by the end of 2003, 316 
adult patients (246 men and 70 women; median age of 
55 years) underwent LDLT in Japan. The median follow- 
up period was 16 months. Patient survival rate at 1 and 
3 years was 78 and 69%, respectively. MELD score and 
preoperative serum o-fetoprotein level were independent 
risk factors for patient survival. Recurrence-free survival 
at 1 and 3 years was 73 and 65%, respectively. 

In Tokyo University, between 1996 and 2004, 235 
patients underwent LDLT; of these, 61 had HCC and 
satisfied our criteria (51 men and 10 women; median age 
of 54 years). Patients were selected based on a tumor 
number of five or fewer and a maximum diameter of < 
5 cm. MELD scores ranged from 2 to 34. In explanted 
specimens, median tumor number was 2.8 and median 
size was 2.6 cm. During the median observation period 
of 25 months, two patients died with HCC recurrence and 
another six died without recurrence. Patient survival rate 
at 1 and 3 years was 91 and 82%, respectively, which was 
comparable to that of patients without HCC (n = 168, 90% 
in both, P = 0.73).% 

Reasons for increased LDLT in Asian countries for 
HCC patients: 


* Shortage of deceased donors in asian countries 

* Increased prevalence of chronic HBV related cirrhosis 
and HCC 

* Long waiting list and increased dropout rates. 


Barcelona expanded criteria for HCC 


patients undergoing LDLT” 
Solitary tumor <7 cm 
Multiple tumors: 3 tumors < 5 cm 
5 nodules « 3 cm 
Down staging: Partial response to any treatment 
lasting > 6 months achieving 
conventional criteria of DDLT 


HCC patients beyond Milan criteria are benefited by 
LDLT and thus achieve longterm survival that otherwise 
would be unlikely. Our center policy is to follow UCSF 
criteria for LDLT and Milan criteria for DDLT. 


OTHER HEPATIC TUMORS 


Fibrolamellar HCC is less aggressive and predominantly 
affects younger patients. It is not associated with pre- 
existing liver disease or elevated AFP levels. Recurrence 
rate is comparable to that of standard HCC, but the 5- 
year survival rate after liver transplantation is 
significantly more. Uncommon primary hepatic 
malignancies, such as epithelioid hemangioendothelioma 
and hepatoblastoma demonstrate good survival rate after 
liver transplantation. But patients with hemangiosarcoma 
and metastatic liver tumors, with the exception of 
neuroendocrine tumors, have poor outcome after 
transplantation. 
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HEPATITIS B VIRUS 


Hepatitis B virus is a DNA virus belonging to 
hepadnaviridae family of viruses. It replicates within 
infected hepatocytes with an incubation period of 6-25 
weeks. 


STRUCTURE 


Virus is a spherical particle of diameter of 42 nm. The 
infectious (Dane) particle consists of an outer shell or 
envelope, composed of several proteins known 
collectively as HBs or surface proteins, called surface coat 
and an inner protein shell, composed of HBc protein, 
called as core particle or capsid. The core particle 
surrounds the viral DNA and the enzyme DNA 
polymerase (Figure 39.1). 


VIRAL REPLICATION (FIGURE 39.1) 


When the virus enters a new host and passes the immune 

system, then it can infect the hepatocytes 

* First the virus attaches to a liver cells membrane 

* Transport of virus into hepatocyte. Core particle 
releases its contents of DNA and DNA polymerase into 
the hepatocyte nucleus. 

* Within the cell nucleus, hepatitis B DNA causes the 
liver cell to produce (via messenger RNA) surface 
(HBs) proteins, core (HBc) protein, DNA polymerase, 
HBe protein, HBx proteinand many other proteins and 
enzymes. DNA polymerase causes the liver cell to 
make copies of hepatitis BDNA from messenger RNA. 

* Live copies of the hepatitis B virus are constructed in 
hepatocyte by the above process. 

e Many surface proteins produced, stick together to form 
small spheres and chains, giving a characteristic 
“ground glass" appearance in blood under a 
microscope. 


Hepatitis B virus 


Surface protein 
(HBs) 


Figure 39.1: Structure of HBV and virus multiplication 


* Virus and excess surface antigen are released from 
hepatocytes into the blood stream to infect other 
hepatocytes and replicate effectively. 

During replication, mistakes may be made in copying 
viral DNA resulting in different strains and mutant strains 

of hepatitis B. 


DIFFERENT HBV MUTANTS 


* YMDD (Tyrosine-methionine-aspartate-aspartate) 

* YVDD (Tyrosine-valine-aspartate-aspartate) 

* YIDD (Tyrosine-isoleucine-aspartate-aspartate) 
These mutants emerge spontaneously or during the 

course of treatment with antiviral drugs, detected by PCR 

(polymerase chain reaction). 


HBV GENOTYPES: GENOTYPING IS MOSTLY USED 
FOR RESEARCH PURPOSE 


A United States—based study by Gaglio et al? reported 
that 4 major HBV genotypes were observed in liver 
transplant patients. The genotype C patients were more 
likely to have HCC at the time of listing and to die after 
transplant compared to patients with non-C genotypes. 
Patients with genotype D had the best post-OLT survival, 
but this was offset by higher waitlist mortality. They 
suggested that HBV genotypes but not precore or core 
promoter variants may have an impact on pre-and post- 
OLT outcomes of hepatitis B patients. 


Hepatitis B virus genotypes and 
geographical location” 


Genotype Geographical distribution 


South and Central America 
France, United States 


A North Europe, North America, Central Africa 
B East and Far East Asia 

c East and Far East Asia 

D Mediterranean, Middle East, South Asia 
E Western Africa 

E 

G 


Methods for Genotyping of HBV 

* Direct sequencing 

* Enzyme-linked immunosorbent assay 

* Restriction fragment length polymorphisms (RFLP) 
* Line probe assay (LiPA) 

RFLP and LiPA are commonly used methods for 
genotyping 


HEPATITIS B ANTIGENS (HBsAg) 


* Hepatitis B surface proteins are produced in larger 
quantities than required for the virus to reproduce. 
Incubation of the HBV (Hepatitis B) is between 6 to 
25 weeks. After infection and 1 to 6 weeks before 
symptoms occur HBsAg appears. 

* Present infection of HBV is indicated by a positive 
HBsAg. 

* Chronic infection: HBsAg persists for more than 6 
months. 


HEPATITIS B CORE PROTEIN (HBcAg) 


* The core protein (HBc) is not detectable in the 
bloodstream and be detected in the sample of 
hepatocytes taken from liver biopsy. 

* HBc proteins link together to form the hepatitis B core 
that encapsulate HBV DNA and DNA polymerase. 


HBe PROTEIN/HEPATITIS ‘E’ ANTIGEN 
(HBeAg OR 'E' ANTIGEN) 


e Itis a peptide, detectable in the bloodstream when the 
hepatitis B virus is actively multiplying. 

* Person with HBeAg +ve is more infectious and at a 
greater risk of progression to liver disease. 

 Itis thought that HBe may be influential in suppressing 
the immune systems response to HBV infection. 

* HBeAg and HBsAg are detectable at the same time 
but HBeAg disappears before HBsAg 

* The presence of HBeAg in chronic infection is generally 
taken to indicate that HBV is actively reproducing and 
there is a higher probability of liver damage. 

* Inacute infection HBeAg is generally only transiently 
present. 

* Mutant strains of HBV exist that replicate without 
producing HBeAg and these are more aggressive than 
HBe producing strains. 


HBx PROTEIN 

* The function of this protein is not yet known. 

* Though it can be detected presently available tests, but 
is unreliable as other proteins interfere with the results, 


HBV DNA 

One of the first parameter that can be detected in the 
bloodstream by PCR in the first week of infection of HBV. 
It indicates how fast the virus is replicating. It is used 
to confirm the presence of HBV, measure viral load and 
to find out the mutants variety that do not produce the 
“e” and/or normal surface antigens. Tests for HBV DNA 
are not routine but generally performed during HBV 
related liver transplantation and for research purposes 
as it is expensive. 


HEPATITIS B DNA POLYMERASE 

(HBV DNA POLYMERASE, DNAp) 

It is an enzyme that can be detected in the bloodstream 
in the 1st week of infection by HBV at about the same 
time as HBV DNA. Tests for HBV DNA polymerase are 
used as indicators of disease progression, suitability for 
therapy and research purposes. 


RESPONSE OF HUMAN BODY TO INFECTION 


Approximately 90% of infected individuals recover from 
Hepatitis B infection and 50% this group have had no 
symptoms (Figure 39.2). Absent HBsAg in blood indicates 
recovery from the disease. Hepatitis B Antibody (Anti 
HBsAb) is present and is usually persists for long time 
after recovery. 


Time duration in months 


Figure 39.2: Showing the time of appearance of different 
antibodies, HBV DNA and HBsAg 


ANTIBODIES TO HBc (HBcAb/ANTI-HBc) 


These are the antibodies to the HBV core protein is the 
first detectable antibody to appear around 8 weeks after 
infection. The initial antibodies are of IgM and IgG class; 
usually appear after the appearance of HBsAg but often 
before ALT elevations. HBc Ab is predominantly Ig G 
class and persists in serum after infection with HBV. 
Presence of strong IgM HBc Ab indicates acute phase 
infection. These antibodies to HBcAg do not neutralize 
the virus. The presence of IgG HBcAb with no IgM HBcAb 
indicates chronic and resolved cases of hepatitis B 
infection; this has been used to determine if the presence 
of HBsAb was due to vaccination or previous exposure 
to live virus. 


ANTIBODIES TO HBe PROTEIN (HBeAb) 

Antibodies to the ‘e’ antigen (HBeAb) normally appear 
a few weeks after HBeAg and their presence indicates 
a favorable prognosis. 


Antibodies to HBs Protein (Anti HBsAb) 


* HBsAb is the last antibody to appear and it can 
neutralize the HBV and is taken as an indicator that 
an initial infection is under control due to host immune 
response. 

* HBsAb production can be induced by vaccination and 
provide protection against HBV. 

* However the immune response produced by 
vaccination may not be 100%. Although 

* Inrarecases HBV infection has occurred in vaccinated 
individuals and is due to mutant strains that express 
different surface proteins. 


INTERFERON 


When a human cell is exposed to a new virus it usually 
produces interferon. It is believed that interferon's 
modulate immune system, alter cell membranes to reduce 
infection of surrounding uninfected cells and helps to fight 
HBV. However, the interferon response was deficient in 
infants/children with immature immune systems. 


ALANINE AMINOTRANSFERASE (ALT) AND 
ASPARTATE AMINOTRANSFERASE (AST) 


These are enzymes produced in liver cells, can be detected 
in the blood stream. In case of damage to liver cells, these 
enzymes are released and elevated in serum. Damage 
may occur with little or no elevation of ALT (particularly 
HCV infection and patients of ESLD). Alcohol, 
hepatotoxic drugs may elevate these enzymes. 

After an initial infection and at around the same time 
as HBcAb appears in the blood stream, the level of ALT 
starts to rise sharply. The rise in ALT is due to damage 
to the liver cells. Damage to liver cells is caused by own 
immune system, causing hepatic necrosis. In 
immunocompromised patients, there is increased risk of 
the infection becoming chronic but damage done by the 
chronic infection appears mild in comparison to people 
with normal immunity. During acute infection ALT starts 
to drop at around the same time as when the ‘e’ antigen 
is no longer detectable and is down to normal, when 
antibodies to the surface antigen appear. 


ACUTE HEPATITIS B INFECTION 


During HBV infection, HBV DNA and DNA polymerase 
appear first in the blood stream. Several weeks later 
HBcAg and HBeAg are detectable. Then HBsAg appears 
in blood stream. HBcAb is the first detectable antibody 
to appear. Symptoms appear in 1 to 6 weeks. Patient's 
immune system continues to resist infection and HBeAg 
disappears from the blood stream and a few weeks later 
HBeAb's appear. The level of ALT starts declining in 
blood and HBsAg disappears from serum at about the 
same time as HBsAb's are first detected. 


Symptoms 

Clinical symptoms are anorexia, malaise, nausea and 
vomiting and fever and may range from no symptoms 
to severe symptoms and sometimes mortality due to 
hepatic failure. Mortality in elderly is approximately 10 
to 15%. In 3-10 days jaundice, yellowish urine appear, 
itching, pale stool appear. Symptoms then gradually 
subside and the period of illness normally lasts between 
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4 to 8 weeks. Few cases may develop into fulminant 
hepatic failure. 


Treatment 


In majority of cases no specific treatment is required for 
acute hepatitis B infection. Alcohol should be avoided 
until the infection is resolved. Once HBsAb appear, the 
infection is considered to have been resolved and the 
person is considered immune from future hepatitis B 
infection. 


Prognosis 

In 90% of cases, prognosis is good and the individual 
recovers completely and be immune to subsequent 
hepatitis B infection. Approximately 10% of cases do not 
clear up completely and progress to chronic infection. 


CHRONIC HBV INFECTION 


There about 400 million carriers of hepatitis B virus (HBV) 
worldwide.’ Approximately 10% of people with HBV 
infection, HBsAg persists and HBsAb do not appear. If 
HBsAg persists for > 6 months, the condition is termed 
chronic infection. These are asymptomatic carriers of 
HBV. 

Individuals with HBsAg, HBeAg, and no HBsAb, no 
HBeAb are generally termed as having chronic active 
hepatitis B infection and around 50% of chronic cases are 
of the active form. Male gender, vertical transmission, 
homosexuals and infection at younger age nearly always 
result in chronic infection. In children the rate of risk of 
developing chronic infection in children is approximately 
25% and in healthy adults it is around 2-5%. 


Symptoms 


Most of the patients with chronic persistent hepatitis B 
are asymptotic carriers and do not develop progressive 
parenchymal liver disease and do not require treatment. 
Other group is at increased risk of progressive 
parenchymal liver disease and is infectious. This group 
requires treatment. Most of the people without symptoms 
are diagnosed following routine screening. Vague 
symptoms like general malaise, tiredness, fatigue, 
weakness, loss of appetite, nausea, abdominal discomfort 
or just feeling “unwell” are common. Low grade fever 
and jaundice are variable. Only minority develop 
cirrhosis, splenomegaly, ascities and signs of portal 
hypertension. 


Extrahepatic manifestations of CHB 
* Ulcerative colitis 
* Pulmonary fibrosis 
* Nephritis 
* Acne 
* Hemolytic anemia 


Most people with chronic active hepatitis B are also 
asymptotic carriers butare at increased risk of severe liver 
problems, very infectious and the treatment proven to 
be of benefit is the interferon. Some people with chronic 
hepatitis Bhave "flareups" wherethey havethesymptoms 
of acute hepatitis. 


Treatment 

Interferon: In the mid-1980s, IFN became the first 
approved therapy for Chronic HBV infection? Interferon 
(IFN) has direct actions on viral replication and indirect 
actions via immune modulation? Wong et al. performed 
a meta-analysis on published trials using adequate dosage 
(3-5 Million Units/m?, thrice a week) for 3-6 months.* 
Interferon treatment is associated with flu-like symptoms 
in most patients during the early part of therapy. This 
is controllable with prophylactic paracetamol, 
acetaminophen. Few patients experience weight loss, 
bone marrow suppression, an increased risk of sepsis 
(particularly those with cirrhosis), alopecia, thyroid 
dysfunction, depression and other psychiatric 
disorders.>* 


Different antiviral drugs used in HBV infection 
* Lamivudine (Zeffix) 
* Entecavir (Baraclude) 
* Telbivudine (Sebivo) 
* Adefovir dipivoxil 
* Emtricitabine 
* Tenofovir 
* DAPD 
* Clevudine (I-FMAU)!* 


Lamivudine: It is the first oral therapy for the treatment 
of Chronic HBV infection.5? After clinical assessment, 
lamivudine was shown to have significant clinical efficacy 
and a good safety profile.”* In 1998, FDA (USA) registered 
lamivudine for CHB therapy. HBeAg can be used as a 
serological marker of active viral replication. Loss of 
HBeAg, or seroconversion to anti-HBe, can be used as 
the end-point of antiviral therapy, but assay of serum 
HBV-DNA levels improves the assessment of therapeutic 
potency. 


Quantitative polymerase chain reaction (PCR) assays 
(especially real-time PCR) refine the detection limit up 
to 100 copies/ml. The target serum HBV-DNA level may 
be 10*-10 virus equivalents /ml which, in most instances, 
means that the therapy should be able to reduce serum 
HBV-DNA by 4-5 log units. Extended periods of 
monotherapy with lamivudine are complicated by 
emergence of drug-resistant YMDD mutants. 

The annual cumulative emergence rates of YMDD 
genotypic mutation over 5 years are 17, 40, 55, 66 and 
6995103 YMDD mutant HBV has a diminished 
replication capacity. Chronic HBV patients who 
developed YMDD mutants had significantly lower serum. 
HBV-DNA and ALT values during the first year after 
YMDD emergence relative to baseline values.” Patients 
with YMDD mutants have a variable degree of ALT 
elevation. The ALT profile changes with time, but is 
unpredictable. Acute exacerbations (flares), sometimes 
with hepatic decompensation, have been observed and 
fatalities have been reported.* 

Relapse is common after stopping therapy at 12 
months. Extended therapy for 2 years or longer has been 
associated with difficulties of the emergence of drug- 
resistant YMDD mutants and recurrence of hepatitis 
activity.!5 The current indications for treatment are 
focused on patients with active liver disease (i.e. with 
detectable HBV-DNA by DNA sensitive hybridization 
assays that havea lower limit of detection of 100 000 virus 
equivalents/mL, together with raised ALT). This applies 
both to HBeAg positive and negative patients. 


Treatment summary !* 
e Chronic hepatitis B with normal or minimally elevated 
ALT (2 x ULN) 
— Responds poorly to IFN and lamivudine. 
— Monitor and watch for an opportunity to treat. 
* Chronic hepatitis B with raised ALT 
- ALT »2 x ULN: IFN or Lamivudine 
- The dose of IFN is 5-10 MU (3 MU/m?) thrice a 
week for 4-6 months. 
— For IFN non-responders, consider treatment with 
lamivudine. 
— Patients with ALT > 5 times ULN are best treated 
with lamivudine 100 mg/day. 
(Note: IFN is preferably confined to patients without cirrhosis 
with ALT 2-5 times ULN because ALT flare during treatment 
may precipitate liver failure) (ULN: Upper normal limit) 


Duration of lamivudine therapy: Treatment is continued 
until 2-6 months after HBeAg seroconversion to secure 
durability of response. Stop lamivudine in patients who 


have not achieved seroconversion, despite 1 to 1 and 1/ 
2 years of therapy. This will minimize the chance of 
emergence of YMDD. Relapse occurs after discontinua- 
tion of treatment, which is almost inevitable unless 
HBeAg seroconversion is achieved. Patients can be 
successfully retreated with lamivudine until HBeAg 
seroconversion occurs. 


Adefovir dipivoxil is potent, but is nephrotoxic at doses 
higher than 10 mg/day. It has the added advantage of 
efficacy on YMDD mutant HBV at a renal-tolerable dose 
of 10 mg daily. 

Entecavir: It is effective in suppressing YMDD mutant 
chronic HBV. It can be used as first line replacing 
lamivudine in treatment of HBV infection 
Telbivudine:”* It is a specific inhibitor of HBV polymerase. 
It is has no mutagenicity /carcinogenicity /teratogenic/ 
mitochondrial toxicity. Telbivudine is the only antiviral 
agent with pregnancy category B label from FDA. 
[Category B: Reproduction studies have been performed 
in different animal(s) at doses up to (x) times the human 
dose and have revealed no evidence of impaired fertility 
or harm to the fetus due to Telbivudine] 


Evidence to date suggest that Telbivudine is effective in 

* HBeAg positive and negative patients, 

* Patients suboptimal treated with lamivudine 

* Patients suboptimal Adefovir treated, 

* Adefovir salvage for Telbivudine-resistant patients 
(preliminary studies) 

Emtricitabine: It showed potent viral suppression and an 

increased HBeAg seroconversion rate with a good safety 

profile, but emergence of YMDD variants could be 

expected to be similar to the closely related to Lamivudine 

(Figures 39.3 and 39.4). 
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Figure 39.3: Showing percentage of PCR Negativity At 1- 
Year in HBeAg-Positive patients From Global Landmark 
Studies. (Data not from head-to-head studies. Design and 
inclusion criteria may difter)7®78 
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Figure 39.4: Shows percentage of HBeAg Seroconversion At 1- 
Year in HBeAg-Positive Patients from Global Landmark Studies. 
Data not from head-to-head studies. Design and inclusion criteria 
may differ?®78 


Combination therapy in treatment of CHB: Two or more 
agents used together are more likely to suppress HBV, 
thereby both eradicating cccDNA in hepatocytes and 
decreasing the emergence of drug resistance. Pegylated 
IFN and Lamivudine or Adefovir and Lamivudine in 
combination will be of great interest. 


Cirrhosis and antiviral therapy: In many patients with 
decompensated cirrhosis waiting for liver transplantation, 
treatment with lamivudine has been associated with 
improvement of liver function and some patients were 
even able to come off the transplant waiting list. Liver 
biopsy is the only way to firmly establish the exact extent 
of a HBV infection and to assess any damage done to the 
liver. A biopsy is often required before starting and on 
completion of any treatment so the effectiveness of the 
treatment can be assessed. 


Active cirrhosis (Child's A): Prompt lamivudine treatment 
to halt the progression of the disease. YMDD mutation 
may emerge with reduced therapeutic benefit or 
worsening disease. Interferon has been used successfully 
in compensated Child's A cirrhosis with reduced dosage. 


ALT flare, bone marrow suppression are major 
concerns with INF therapy. It is controversial regarding 
the use of lamivudine; it is not very clear whether it can 
bestopped or not after HBeAg seroconversion. It appears 
advisable to continue therapy in the long term based on 
available data.!7 


Active cirrhosis (Child's B and C): Start and continue 
lamivudine until liver transplantation is considered. If 
YMDD mutants are present, adefovir can be considered. 
Availability of adefovir, Entecavir and other agents 
effective against YMDD mutant HBV has altered the 
outcome. 


Acute exacerbations (flares) of CHB: During an acute 
exacerbation and icteric decompensation, the prognosis 
is poor. Exclude other causes, especially acute hepatitis 
A, E and C, drugs (paracetamol) and herbs. Lamivudine 
should be started promptly, reported series show clinical 
benefit compared with historical controls. Long-term 
lamivudine therapy may be advisable. HBsAg-positive 
organ transplant recipients on immune suppressive 
agents often need long-term lamivudine or adefovir 
therapy after transplant. 


COURSE OF THE DISEASE VARIES IN 
DIFFERENT PERSONS 


* Progression to liver cirrhosis. (25%) 

* HBV may clear up on it's own in 2-5% per year or 
remain infective for longtime. 

* Risk of Hepatocellular carcinoma. (5%) 

* Person may remain highly infectious and can infect 
other people. 


HBV RESISTANCE 


Antiviral drug resistance can be of 4 different types* 
* Phenotypic resistance 

* Genotypic resistance 

* Viral resistance 

* Clinical resistance 

- Phenotypic resistance is defined as decreased 
susceptibility (i.e, increased concentrations of the 
drug are needed to achieve 50% or 90% inhibition) 
of an HBV polymerase to an antiviral drug in invitro 
assays.“ 

- Genotypic resistance is defined as the detection 
during antiviral therapy of viral populations 
bearing amino acid substitutions in the reverse 
transcriptase region of the HBV polymerase gene 
that have been shown to confer resistance to 
antiviral drugs in phenotypic assays. 

- Viral resistance or virologic breakthrough is 
defined as an increase in serum HBV DNA by at 
least 1 log10 (10-fold) above nadir or the 
reappearance of serum HBV DNA in the patient 
with previously undetectable HBV DNA on > 2 
occasions at least 1 month apart while the patient 
is on treatment and after initial response is achieved 
in the medication-compliant patient. 

- Clinical resistance is often used synonymously 
with biochemical breakthrough and is defined as 
an elevation in serum alanine aminotransferase 
while the patient is on treatment and after 
normalization is achieved in the medication- 
compliant patient.5* 


DIAGNOSIS OF DRUG RESISTANCE 

Genotypic resistance may precede viral resistance by 
several months, and viral resistance may precede clinical 
resistance by months to years. Early diagnosis of antiviral 
drug resistance and prompt intervention are critical. 
Confirmation of virologic breakthrough on repeat testing 
is not necessary if there is a marked increase in serum 
HBV DNA or if there is accompanying biochemical 
breakthrough. Detection of virologic breakthrough 
requires knowledge of the pretreatment serum HBV DNA 
level, documentation of initial response, determination 
of nadir or lowest HBV DNA level achieved, and detection 
of a> 1 log10 increase (or reappearance) in the HBV DNA 
level. Therefore, establishment of the baseline serum 
HBV DNA level and regular monitoring, preferably at 
3-month intervals with the same HBV DNA assay at each 
measure, are necessary for the diagnosis of viral 
resistance. Without documentation of initial response, it 
is not possible to determine if a patient who has a high 
serum HBV DNA level after a long duration (> 6 months) 
of nucleos(t)ide analogue therapy has never achieved 
adequate viral suppression or instead has virologic 
breakthrough.” 


HBV drug resistance is detected by*? 

* Direct sequencing 

* Sequencing of multiple clones 

* RFLP (Restriction fragment length polymorphism), 
line probe 

* Single genome sequencing, MALDI-TOF (matrix- 
assisted laser desorption/ionization time-of-flight) 
mass spectrometry-most senstive method. 


TREATMENT OF HBV DRUG RESISTANCE 


Antiviral drug resistance has been reported in up to 70% 
of patients after 4 years of lamivudine, 29% after 5 years 
of adefovir, 1% after 5 years of entecavir, and 9 to 22% 
after 2 years of telbivudine.55575? Resistance rates are 
substantially higher in patients with prior resistance to 
lamivudine, with rates of up to 20% after 2 years of 
switching to adefovir monotherapy and 51% after 5 years 
of switching to entecavir.55? The treatment of resistance 
is as follows” 

* Lamivudine/Telbivudine resistance: Add Adefovir 
depivoxil or Tenofovir or Change to Emtricitabine and 
tenofovir. 

* Adefovir resistance: Add Lamivudine or change to 
Emtricitabine and Tenofovir or add entecavir. 

* Entecavir resistance: Add adefovir or tenofovir. 
The treatment of multi drug HBV is still controversial. 
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PRE- AND POST-EXPOSURE PROPHYLAXIS OF HBV 


HBV Vaccination is achieved by 3 dose regimen with the 
2nd and 3rd doses given at 1 and 6 months interval. 5% 
of the vaccinations do not result in antibody response, 
so it is necessary that documentation of an anti HBs 
antibody response is necessary. Repeated vaccination is 
necessary for those who fail to respond initial vaccination. 
Hepatitis B vaccine is now recommended for all newborns 
before hospital discharge, regardless of maternal HBsAg 
status. Neonates born to mothers who are chronic HBsAg 
carriers should receive the first dose of vaccine within 
12 hours of birth, accompanied by hepatitis B immune 
globulin (HBIG) at a different injection site. 


Pre-exposure prophylaxis™’*! 
* Universal prophylaxis in all Infants, children and 
adolescents who are not previously vaccinated 
* High risk group 
— Illicit injection drug users 
— Sexual partners of HBV carriers 
- Homosexuals 
- Multiple sexual partners in the previous 6 months 
— History of sexually transmitted disease (STD) 
- Household contacts 
- Patients on hemodialysis 
— People in occupational contact with blood or body 
fluids 
- Recipients of clotting factor concentrates 
- Travel to endemic area for > 6 months 
- Clients and staff of institutions for the 
developmentally disabled. 


HBV AND LIVER TRANSPLANTATION 
HBV IN ASIA 


Asian people are estimated to account for 75% of the 400 
million individuals with chronic HBV infection 
worldwide.’ In Asian people, HBV is mostly acquired 
at birth by vertical transmission from CHB mothers or 
in infancy by close physical contact. In early life, immune 
tolerance to HBV is the rule, with normal serum alanine 
aminotransferase (ALT) levels, despite high HBV-DNA 
levels, followed by an immune reactive phase, with 
fluctuating viral levels and periodic or persistent elevation 
of serum ALT levels. Up to 3/4th of Asian CHB patients 
undergo spontaneous HBeAg seroconversion. This is 
followed by disease quiescence and a good prognosis. 
The remaining 1/4th of patients have a protracted 
immune clearance process, eventually resulting in 
cirrhosis. Without treatment, they will often succumb to 


complications of cirrhosis or hepatocellular carcinoma. 
Adults, who acquire CHB, are more common among non- 
Asian patients, the routes of infection being parenteral 
or sexual. They tend to have active liver disease. 


HBV PROPHYLAXIS 


Without prophylaxis recurrence of the grafted liver with 
HBV is almost universal and is associated with CAH with 
rapid progression to cirrhosis and, in some patients, 
fulminant hepatitis.°*! A retrospective study conducted 
at 17 European centers demonstrated that the 3-year 
actuarial risk of HBV recurrence among patients with 
HBV-related cirrhosis was 78 + 8% without any 
prophylaxis. 

Before effective prophylaxis was available, HBV 
reinfection often led to early graft cirrhosis with a 2-year 
mortality rate of 50%. Recurrent HBV was defined as the 
reappearance of HBsAg after its initial disappearance 
after orthotopic liver transplantation. HBV reinfection has 
a severe course after liver transplantation and fibrosing 
cholestatic hepatitis (FCH) is seen, caused by 
accumulation of large amounts of viral proteins in 
hepatocytes, which is characterized histopathologically 
as severe cholestasis, ballooning degenerations of 
hepatocytes, remarkable fibrosis and scant infiltration of 


inflammatory cells. The prognosis of FCH is poor and 
the clinical course can involve progressive liver failure 
and death.575* 

Recurrence of HBV infection usually has a severe 
course and could result in graft failure leading to re- 
transplantation or death.5*5 A study from North 
America, the overall 1-and 3-year HBV recurrence rates 
were 32 and 41%, respectively?! In similar study from 
Hong Kong, the 2-year recurrence rate was 23%,3? 
Combination prophylaxis with HBIG and LAM seems to 
yield synergistic actions, remarkably reducing the overall 
3-year recurrence rate to <20%.*3+4 Improved survival and 
reduced HCC recurrence with combination antiviral 
therapy is observed in patients undergoing OLT for HBV- 
associated disease. 994! It is widely accepted that viral 
load i.e. detectable HBV DNA before and during OLT 
shows a significant linear correlation with HBV recurrence 
after OLT.* At present 5-year survival following OLT 
for HBV-related disease is similar to that for other 
indications.* 

It is safe to transplant anti-HBc-positive donors for 
HBsAg-negative recipients by using lamivudine 
prophylaxis.243 Treatment with alpha-interferon (IFN) 
has been shown to be beneficial in the non-transplant 
setting in patients with CHB.®™ IFN alone given before 


Post-exposure prophylaxis of HBV*?52 


Vaccination status 
Antibody +ve (> 10 IU/ml) 


a. Vaccinated and known No treatment 
responder 

b. Vaccination and No treatment required, evaluate for HBsAg* 
Nonresponder@ 


c. Unvaccinated 


d. Anti-HBs response 
unknown 


No treatment required, evaluate for HBsAg # 


Current antibody(Anti HBs) Status 


Antibody -ve (< 10 IU/ml) 


Give HBIGx1 and booster dose 
of HBV vaccine 

Give HBIGx1;start revaccination 
or give 2 more doses of HBIG** 
Give HBIGx1 and initiate 
vaccination 


Test exposed person for anti-HBs: 
If adequate, no treatment is necessary 


If inadequate, administer HBIG x 1 and 
vaccine booster, recheck anti-HBs level in 1 month 


(Anti-HBs, antibody to hepatitis B surface antigen;HBIG, hepatitis B immune globulin) 

Anti HBs Antibody titers should be reconfirmed at every 10 years interval 

@ Nonresponder: 5% of vaccinations do not result in an antibody response. Hence it is necessary to VUE anti HBs 
antibody response after vaccination. Repeat vaccination is necessary those who fail to show antibody response. 

* A positive antibody test in a document nonrespnder to vaccination implies that HBV infection has occurred . One should 
evaluate for HBV antigen because chronic infection may be present. 

** If a nonresponder has undergone 2 successful full vaccination, Then 2 additional doses of HBIG should be given rather 


than vaccination. 


# An unvaccinated person with a positive antibody test has had prior HBV infection. then the person should be evaluate 
d for HBV antigen to determine whether chronic disease is present. 


or after transplantation does not reliably prevent HBV 
reinfection.» The introduction of hepatitis B immune 
globulin (HBIG) and lamivudine (LAM) combination 
prophylaxis led to a dramatic decrease in recurrent 
hepatitis B after transplant and improved both graft and 
patient survival.725 At present lamivudine and HBIG 
combination has become a standard prophylactic protocol 
to prevent post-transplant HBV recurrence and most of 
the studies have demonstrated the HBV recurrence rate 
at 1 and 2 years to be <10% with this combination 
treatment.175170 Long-term use of high-dose intravenous 
HBIG monotherapy can reduce the overall 3-year 
recurrence rate to 20 to 3525725 Administration of high 
doses of HBIG resulted in improved survival of HBV 
patients undergoing transplants with deceased donor 
livers in 1993.6 Long-term use of LAM monotherapy can 
reduce the 3-year recurrence rate to 30 to 5095.55? 

Hepatitis B can relapse during HBIG therapy owing 
to inadequate doses or immune escape mutants of HBV 
S protein. YMDD mutants contribute to HBV recurrence 
after OLT. However, it is not entirely sufficient to prevent 
recurrence of HBV infection despite the administration 
of HBIG and lamivudine combination therapy. Adefovir 
dipivoxil (ADV) is a nucleotide analog that selectively 
inhibits viral polymerases and reverse transcriptase and 
is effective in both HBeAg-negative and HBeAg-positive 
patients.?*5* ADV is found to be effective versus both 
wild-type and lamivudine-resistant HBV strains in vivo 
and in vitro in a non-transplantation setting.55^5 ADV has 
been successful in patients with lamivudine-resistant 
HBV strains during the pretransplant period and in the 
treatment of post-transplant HBV recurrence despite 
HBIG and lamivudine combination prophylaxis." 
Currently, itis being used ina liver transplantation setting 
to manage post-transplant HBV reinfection and 
lamivudine-resistant HBV infection.5^5? 

The patients with positive HBV-DNA were given 
lamivudine following their acceptance onto the liver 
transplant waiting list. Because the aim of the treatment 
is to ensure that all patients are HBV-DNA negative by 
the time of transplantation, the pretransplantation LAM/ 
ADV treatment duration should be longer than 4 weeks. 
In patients with mutant viruses resistant to lamivudine, 
ADV 10 mg/day was added to treatment. Patients had 
prophylaxis with lamivudine and low-dose HBIG 
combination after liver transplantation. Lamivudine was 
maintained or initiated 100 mg/day before transplanta- 
tion and continued indefinitely. Those patients who were 
treated with ADV before transplantation, continued to 
take ADV 10 mg/day after transplantation indefinitely. 
Post-transplant HBV prophylaxis is discussed in the 
earlier chapters. During follow up, check for Anti HBs 
Ab titer and viral load at an interval of 3-6 months. LAM 


100 mg/day started 3-4 weeks before transplantation and 
continued post-operatively for long term. If mutant 
variety of HBV is detected, ADV 10 mg/day is added. 
HBV recurrence under ongoing HBIG prophylaxis was 
caused by escape mutations with reduced affinity to 
monoclonal or polyclonal anti-hepatitis B surface (anti- 
HBs) antibodies.” High dose HBIG prophylaxis with anti- 
HBs titers >500 U/l could reduce development of 
hepatitis B surface antigen (HBsAg) escape mutants, but 
not completely prevent the occurrence of mutations. 10- 
20% of patients show HBV recurrence even after use of 
high dose HBIG.© 


Dual infection of HBV and HCV all over the globe 


Country HBV HBV/HCV County HBV HBV/HCV 
carriers carriers carrier. 
America Asia 
US 12M 0,006 M China 123.7 M6.185 M 
Brazil 37M 02M India 40M 2M 
Domingo 2.9M 0.015M Indonesia 13.3M 0.665 M 
Mexico 10M 0005M Philippines 81M 0.405 M 
Europe >6.7 M Thailand 5.0M 0.25M 
Turkey 27M 0.135M Japan 37M 0.019 M 
Italy 15M 0075M South Korea 28M 0.14M 
Spain 0.6M 0.003M Taiwan 26M 013M 
Germany 0.5 M 0.0025 M Vietnam 125 M 0.63M 
Greece 0.3 M 0.0015 M Singapore 0.2M 0.01M 
France 03M 0.0015 M Africa 
UK 0.6M 0.003M Egypt 29M 0348M 


Total: 1 Millions (Abbreviation-M: Millions) 

HBV endemic areas: 5% dual infection rate: non-endemic areas: 
0.5% dual infection rate. 

“HCV endemic areas: 12% dual infection rate. 


(Adapted from Presentation in Taipei 2008 conference on Hepatitis 
B and C dual infection: Chun-Jen Liu, Pei-Jer Chen,Ding-Shinn 
Chen. of Patients with Dual Chronic Hepatitis B and 
C. National Taiwan University College of Medicine and Hospital, 
Taiwan) 


COMBINATION ANTIVIRAL THERAPY AFTER 
TRANSPLANT 


ADV in combination with LAM effectively suppressed 
viral replication and was efficacious in LAM-resistant 
patients with CHB. Genotypic analysis indicated that the 
emergence of ADV-resistant mutants was rare in patients 
on ADV + LAM combination therapy at least for 2 years. 
Virological analysis showed that the substitution at rt181, 
which was associated with both LAM and ADV 
resistance, is needed for careful monitoring before and 
during combination therapy.” The long-term survival for 
each of the 3 therapeutic approaches, namely, for the 
patients who did not receive any treatment, for the HBIg 
group, and for the LAM-HBlg group, were 20%, 50%, and 
84%, respectively? LAM-HBlg combination is 
recommended treatment.?! 


HBcAb «VE GRAFT IN HBV INFECTED LIVER 
DISEASE 


Hepatitis B core antibody +ve (HBcAb) grafts can be used 
in patients who have been vaccinated against HBV and 
have developed Anti HBs Ab and in patients who are 
HBV carriers. Patient and graft survival are comparable 
to patients who did not receive HBcAb +ve grafts. With 
present immunopro-phylaxis HBcAb-ve grafts are 
acceptable.77? HBcAb +ve grafts are used in recipients 
who are HBsAb negative and the risk of transmission of 
HBV infection is considered acceptable in patients who 
are critically ill or stage I/II HCC.> 
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HEPATITIS C VIRUS 

Hepatitis C virus (HCV) belongs to hepacivirus genus 
in the family flaviviridae, was initially called non-A, non- 
B hepatitis virus (NANBH). It was discovered in 1989, 
re-named as hepatitis C virus.!? It is a single-stranded, 
positive sense RNA virus of 50 nm in size. 


MODE OF TRANSMISSION 


HCV infection is transmitted by blood products and 
sexual contact. The rate of perinatal transmission is 6%, 
which depends on maternal HCV RNA level. Efficiency 
of sexual transmission is considered to be very low. It 
is more during acute hepatitis phase. 


STRUCTURE 


HCV consists of a core of RNA, surrounded by an 
icosahedral protective shell of protein, and covered 
encased in a lipid envelope of cellular origin. Two viral 
envelope glycoproteins, E1 and E2, are embedded in the 
lipid envelope? (Figure 40.1). 


Envelop 


(glycoprotein) Core protein 


RNA 


Figure 40.1: Hepatitis C virus 


GENOTYPES 


Based on genetic differences, HCV is classified into six 
genotypes (numbered as 1 to 6, with several subtypes 
within each genotype.‘ Genotypes 1 and 4 are less 
responsive to interferon-based treatment than are the 
other genotypes.* 


Genotypes in different geographical areas: 
North America: Genotype 1a followed by 1b, 2a, 2b, and 
3a. 


Europe: Genotype 1b is predominant followed by 2a, 2b, 
2c, and 3a. 


Taiwan and rest of Asia: Genotype 1 and 2 are common. 
Africa: Genotypes 4 and 5 


Replication*-7 

HCV has a high replication rate of one trillion particles/ 
day inan infected individual. Due to lack of proof reading 
by the HCV RNA polymerase, HCV has high mutation 
rate, which helps to tide over host's immune response. 
HCV mainly replicates within hepatocytes in the liver. 
Some evidence of replication is seen in lymphocytes or 
monocytes. Host tropism helps them to reach the proper 
site for replication. Circulating HCV bind to receptors on 
surface of hepatocytes to enter the cells and initiates lytic 
cycle. 2 HCV receptors are known such as CD81 and 
human scavenger receptor class B1 (SR-BI). HCV genome 
is translated to form a polyprotein of around 3011 amino 
acids which is proteolytically processed by viral and 
cellular proteases to produce three structural (virion- 
associated) and seven nonstructural (NS) proteins. A 
frame shift may occur in the core region to produce an 
Alternate Reading Frame Protein (ARFP). HCV encodes 
two proteases such as NS2 cysteine autoprotease and 
NS3-4A serine protease. NS proteins then recruit the viral 


genome into an RNA replication complex. RNA 
replication takes places via the viral RNA-dependent 
RNA polymerase of NS5B, which produces a negative- 
strand RNA intermediate, which serves as a template for 
the production of new positive-strand viral genomes and 
are translated, further replicated, or packaged within new 
virus particles. New virus particles presumably bud into 
thesecretory pathway and are released at the cell surface. 


PRESENTATION 


* Acute hepatitis 
* Chronic hepatitis leading to cirrhosis and 
hepatocellular carcinoma 


Acute Hepatitis C 


Acute HCV hepatitis is seen first 6 months after infection. 
In the acute phase 60 to 70% of infected individuals do 
not develop symptoms. HCV is detectable in the blood 
within 1-3 weeks after infection. Anti HCV antibodies are 
detectable within 3 to 12 weeks. Spontaneous viral 
clearance occurs in 15-40% of patients and is indicated 
by normalization in liver function tests and HCV-RNA 
clearance. 


Symptoms of acute HCV hepatitis 
* Fatigue 

Reduced appetite 

Dull aching abdominal pain 
Icterus 

Flu-like symptoms 


Chronic Hepatitis C 


60-85% of patients with HCV develop chronic hepatitis 
C, i.e. infection lasting > 6 months. Symptoms specifically 
suggestive of liver disease are typically absent in the initial 
stage. Generalized signs and symptoms such as fatigue, 
weight loss, myalgia, arthralgia, low grade fevers, right 
upper abdominal pain, loss of appetite, nausea, diarrhea, 
dyspepsia, depression, headaches, and mood swings are 
seen. 


Factors associated with rapid 
progression of HCV disease 
* Age (increasing age: more rapid progression) 
* Gender (males > females) 
* Alcohol consumption (rapid progress in alcoholics) 
* HIV coinfection 
* Fatty liver (more rapid progression). 


SPECIFIC SYMPTOMS RELATED TO ADVANCED 
LIVER DISEASE 


Cirrhosis 

Portal hypertension 
Ascites 

Esophageal varices 
Jaundice 

Hepatic encephalopathy 


Extrahepatic manifestations associated 

chronic HCV infection 

* Thyroiditis 

* Porphyria cutanea tarda 

* Cryoglobulinemia 

* Glomerulonephritis—Membranoproliferative 

glomerulonephritis (MPGN) 

* Sicca syndrome 

* Thrombocytopenia 

* Lichen planus 

* Diabetes mellitus 

B-cell lymphoproliferative disorders 


DIAGNOSIS 
Abnormal Liver Function Tests 


Abnormal liver function tests are used as one of the 
indicators of active disease. High ALT levels can be a sign 
of hepatitis C, but other conditions can also cause an 
increase in ALT, including hepatitis due to other causes, 
heart attacks and high triglyceride levels. 


Anti-HCV Antibody 

Anti-HCV antibody in serum is seen in 2-3 months after 
infection but may be negative for longer period. Anti- 
HCV antibodies can be detected in 80% of patients within 
15 weeks after exposure, in > 90% within 5 months after 
exposure, and in > 97% by 6 months after exposure. These 
antibodies are detected by enzyme-linked immuno- 
sorbent assay (ELISA) or recombinant Immunoblot assay 
(RIBA). 


Factors predictive of response to IEN and RBV 
in chronic hepatitis C 
Baseline Predictors 
* Viral 
- Genotype 2/3 
- Viral load = 1 million IU/ml 
* Host 
— Fibrosis F0-F1 
— Female gender 
* On-treatment factors: Viral kinetics 
- RVR 
— EVR 
Adherence (compliance) 


— Age < 40 years 


Rapid viral response (RVR): HCV RNA negative (< 50 IU/ 
ml) at 4th week. 


Early viral response (EVR): »2 log10 drop from baseline 
or HCV RNA negative at 12th week. 


HCV RNA Levels 


HCV RNA levels are measured by RT-PCR (reverse 
transcriptase polymerase chain reaction: most commonly 
used), transcription mediated amplification (TMA), or 
branched DNA (b-DNA). HCV RNA can be detected 
within 1-2 weeks of exposure. It indicates viral load and 
genotypes like type 1, 2a, 2b, 3 and 4. It is not routine; 
restricted for liver transplant patients and research 
purpose. Repeat hepatitis C serology may be offered in 
6 months to exclude recent seroconversion. 


TREATMENT 


* Alcohol consumption should be avoided 

* Avoid donation of blood, semen or other body tissues 
or organs to reduce transmission. Avoid sharing 
syringes. 

* Hepatotoxic drugs are avoided. 

Treatment is indicated for patients with abnormal LFT 
for more than 6 months. Drugs used to control HCV 
infection are a combination of Interferon and Ribavarin. 
Other less commonly used drugs are Amantadine and 
Viramidine. Duration of standard interferon-based 
therapy for genotypes 1b and 4 is 48 weeks. 24 weeks’ 
treatment may be recommended for patients with an RVR 
and low viral load. Treatment should be stopped in 
patients without an EVR. Treatment for genotypes 2 and 
3 is completed in 24 weeks. 

A shorter treatment duration with suboptimal dose 
of Ribavarin may be associated with an increase in the 
rate of relapse with subsequently decrease in SVR rate. 
Critical issue for achieving an SVR is to maintain an 
optimal dose of Ribavarin throughout the course of 
treatment and it prevents breakthrough and relapse. 


INDICATION OF TREATMENT OF CHRONIC 
HEPATITIS C (NATIONAL TAIWAN HEALTH POLICY, 
2008) 

(Duration of treatment: 24 weeks of PEG-IFN or IFN + 
RBV for all genotypes) 

Criteria 

* Anti-HCV (+), 

* ALT > 2X, 3 M apart, within 6 M 

* Fibrosis > F1 


Side effects of INF + Ribavarin therapy 
* Nonspecific: Fatigue, headache, fever 
* Skin: Pruritus, rash, dryskin, loss of hair 
e GI: Anorexia, nausea, vomiting 
* Respiratory: Cough, Dyspnea 
* Neuropsychiatric: Irritability, anxiety, insomnia 


FOLLOW-UP 
Monitor LFT, and o-fetoprotein once in three months. 
Penk requires attention if: 

Elevated LFT , particularly ALT values over a period 

of six months 
* Signs of chronic hepatitis or liver failure 
* Elevated o-fetoprotein level, exclude hepatocellular 

carcinoma. 

If LFT are normal, regular 12 monthly testing and 
clinical assessment for symptoms or signs of liver disease 
is recommended. Risk of chronic active hepatitis and 
cirrhosis are more in patients positive for both HBV and 
HCV. 


PROPHYLAXIS 


Hepatitis A and hepatitis B vaccinations are 
recommended for individuals who are hepatitis C 
positive. Currently no vaccine is available to prevent 
hepatitis C infection. 


HCV AND LIVER TRANSPLANTATION 


There is rapid increase in the number of patients with 
HCV infection undergoing LTX. HCV is currently 
accounting for >50% of liver transplants both in USA and 
Europe. In Asian countries, Japan has more incidence of 
HCV as compared to others like China, Taiwan or Korea 
where HBV is more. 


POST-TRANSPLANT RECURRENT HCV 


Chronic HCV infection with cirrhosis is now the most 
common indication for OLT in the USA and Western 
Europe.5? Recurrence of HCV infection after LTX, is 
almost universal and thus measurement of serum HCV 
RNA is not helpful. Reinfection of the allograft may occur 
either from extra hepatic sites or from circulating virus 
perioperatively. Recurrent infection commonly leads to 
hepatitis, and is less aggressive than the recurrent 
hepatitis B after transplant. Increased risk of graft loss 
is noticed following recurrent hepatitis C infection. 
Genotype 1b and 4 are more virulent as compared to 
others. Recurrent HCV infection presenting as acute 
lobular hepatitis is documented in 75% of liver biopsy 


by 4 months after transplantation. 70 to 80% of recurrent 
HCV infection develops as mild disease. Progression to 
cirrhosis occurs in 6 to 23% of patients at a median of 
3 to 4 years post-LT.* 20 to 30% of patients can have 
rapidly progressive disease, cirrhosis and decompensa- 
tion at 5 years follow-up leading to allograft failure and 
need for retransplantation in 10 % of patients.!01! 
Recurrent HCV infection can develop anytime during the 
first year after LTX, but rejection is more common in the 
first 2 months. Ghobrial et al?! reported that the time 
interval to HCV recurrence is significantly shorter in 
LDLT patients than in patients after DDLT. 

Gaglio et al. reported that the overall incidence of 
severe sequelae of hepatitis C recurrence either cholestatic 
hepatitis or grade III-IV inflammation or hepatitis C 
induced graft failure requiring retransplantation are not 
different between cadaveric grafts and those grafts from 
living liver donors. However, the morbidity of cholestatic 
hepatitis C was more severe in LDLT patients. A liver 
biopsy must be performed to differentiate recurrent 
hepatitis C from rejection. Liver biopsy samples were 
staged according to the original HAI (histological activity 
index) fibrosis score: 0, none; 1, fibrous portal expansion; 
3, bridging fibrosis; and 4, cirrhosis.!* Methods to identify 
individuals at risk for rapid fibrosis progression are 
histological assessment of allograft biopsies, 
measurement of liver stiffness and hepatic venous 
pressure gradient (HVPG).565! 


Risk Factors for recurrence of 
HCV after transplantation 

* Virus related 

— Genotype 1b 

- High pre LTX HCV RNA level 

- Early high post LTX HCV RNA level 
* Graft related 

— Prolonged WIT 

- Episodes of rejection 

- Early evidence of post transplant histological 

proven injury 

- Recently transplanted allograft 
* Host related 

- Advanced age 

- Noncaucasians 

- HLA matching 

— Absence of pretransplant viral infection 

(HBV/CMV) 

— Positive Anti HCV antibody (Ig M core Ab) 
* Immunosuppression related 

- Use of OKT3 or MMF 

— Bolus high dose of corticosteroids 

- High immunosuppression levels. 


Recently Surakit et al? reported that serum levels of 
markers of extracellular matrix metabolism such as serum. 
Hyaluronic acid and YKL-40, measured in the first 8 
months after LTX, could accurately predict those subjects 
atrisk for rapid fibrosis progression after LTX for chronic 
HCV infection, performing significantly better than 
conventional histology assessments of inflammation and 
fibrosis, standard biochemical testing, or assessment of 
hepatic stellate cell activity. 


Determinants of hepatic fibrosis after LTX!** 
* Viral load, 
* Donor factors 
* Age » 50 
* Sex 
* Steatosis 
* Host factors-HLA type 
* Alcohol 
* Immunosuppression 
* Co-infection with other virus (HBV/CMV) 
* Long warm ischemic time 


The lack of HCV-specific T-cell responses is a crucial 
underlying pathology that results HCV-related graft 
injury after transplantation. Humoral immunity does not 
play a role in preventing recurrent HCV after LTX. 
Reinfection with HCV after transplantation is universal 
in patients with detectable serum HCV RNA before 
transplantation. Up to 70% of patients with pre- 
transplantation viremia can develop graft hepatitis after 
transplantation. Data from programs with annual 
protocol liver biopsies suggest that 20 to 28% patients 
will develop HCV related cirrhosis by 5 years after 
transplantation. 

Causes of decompensation, retransplantation, and 
mortality 
* Child-Pugh score B or C 
* Low serum albumin 
* Short interval between transplantation and post- 

transplantation cirrhosis. 


TREATMENT 


Recurrent hepatitis C may be accelerated in immuno- 
suppressed recipients. In 8-16% patients, recurrent HCV 
cause progression to cirrhosis, within 5 years. Rapid 
progression to liver failure has been observed in a subset 
of recipients who develop a cholestatic pattern of liver 
injury. 

3 issues need to be addressed, related to treatment of 
recurrent HCV after LTX: 

e Pre-transplant prophylaxis 

e Post-transplant prophylaxis 

* Treatment when a patient develops chronic disease. 


Pre-transplant Prophylaxis 

Patient intolerance and high incidence of side effects due 
to interferon therapy, limit the use in seriously ill patient 
in pretransplant period.?? Pre-transplant interferon 
therapy may delay/prevent post transplant recurrence 
of HCV infection. 

Everson et al.# reported the result of preoperative low- 
dose regimen for HCV. The regimen consisted of 
Interferon alfa-2b (1.5 MU three times a week) or Peg- 
Interferon alfa-2b (0.5 ug/kg/week) plus Ribavirin (600 
mg/day). 124 patients (70% genotype 1) were treated with 
the regimen. The mean Child Turcotte Pugh score was 
7.4and 23 of them were Child class C. Of these, 15 patients 
(12%) were negative for HCV at liver transplantation 
among which 12 remained (six of them received LDLT) 
negative 6 months or more after liver transplantation. 

Sugawara et al in Kyoto university hospital? had 
performed pre-emptive therapy for LDLT patients for 
HCV. 23 patients underwent LDLT for HCV cirrhosis. 
All the patients pre-emptively received antiviral therapy 
consisting of interferon-o 2b and Ribavirin, which was 
started ~1 month after the operation. The therapy 
continued for 12 months after the first negative HCV-RNA 
test. The subjects were removed from the protocol if they 
could not continue the therapy for 12 months due to 
adverse effects or could not start the therapy due to early 
death. Eight patients were removed from the protocol. 
The sustained virologic response ratio was 39% (9/16). 
The ratio of genotype 1b patients was 32% and that of 
non-1b was 75%. The cumulative 3-year survival rate of 
the HCV-positive patients was 85%, comparable with that 
of patients negative for HCV (n = 93, 90%). The 
significance of preoperative regimen for HCV has 
remained unclear. 


Post-transplant Prophylactic Treatment 

Post-transplant prophylactic treatment should begin 2- 
8 weeks after transplantation. Early treatment with AVT 
causes rejection.+ 


Post-transplant Antiviral Therapy 

* Pre-emptive (prophylactic) therapy: Disadvantages of 
pre-emptive interferon-based therapy is that the 
immuno-modulatory effect of interferon that will 
increase the risk for acute allograft rejection by 35%.!516 

* Histologically documented recurrent hepatitis C 
infection 


Combination therapy of Interferon and Ribavarin 
for HCV infection after LTX 


Interferon (INF): Pegylated Interferons are preferred. 

* Interferon alfa-2b: 3 million IU/thrice a week (or) 

* Pegylated Interferon o-2a: 180 pg once weekly (or) 

* Pegylated Interferon o-2b: 1-1.5 pg/kg once weekly 
subcutaneously 

Monitor neutrophil count during Interferon therapy 

e Neutrophil count < 750/ yl: Reduce dose of Pegylated- 
IFN to 0.75 ug/kg/week. 

* Neutrophil count < 500/yl: Discontinue interferon 
treatment 

Ribavirin: Start 600 mg oral dose, gradually increases 

800 to 1000 mg/day (if tolerated) 

Monitor creatinine clearance and hemoglobin during 

Ribavarin therapy 

Dose adjusted according to creatinine clearance, 

measured every 3 months. 

* Creatinine clearance = 70 mL/mn: 800 mg/day 

* Creatinine clearance >40 mL/mn and <70 mL/mn: 
600 mg/day 

Hemoglobin « 10 gm/dL: Reduce dose of Ribavirin to 

600 mg or 400 mg/day, 

Erythropoietin-a (Epoietin-a): Dose of 40,000-60,000 

units/once weekly subcutaneously, to prevent 

hemoglobin drop and discontinuation of Ribavirin. 

Ribavirin is to be continued for another 6 months after 

discontinuation of INF therapy 

Duration of treatment for combined therapy: 

* 48 weeks for genotype 1 and 4 (SVR 35-45%) 

* For other genotypes 24 weeks (SVR 60-80%) 

Pregnancy: Ribavirin and Interferons are contraindi- 

cated during pregnancy. 


Interferon and Ribavirin Combination Therapy 


Interferon and Ribavirin combination therapy has 
improved efficacy as compared with interferon 
monotherapy, in recurrent HCV infection after 
transplantation. It is now appropriate to consider whether 
retreating previous nonresponders or relapsers with this 
new combination will be effective in the transplant 
setting.'75 Interferons are usually given for 24 weeks; 
duration may be prolonged up to 48 weeks, depending 
on the viral load, genotypes (1 and 4) and patient 
tolerance. Combination of Pegylated interferon 
Ribavarin is standard treatment with superior results. 
Sustained viral response (SVR) with this combination is 
26-50%.1920 


RESPONSE TO TREATMENT 
Qualitative HCV-RNA by PCR 
Check HCV RNA levels at baseline, at 4 weeks and then 
every 12 weeks to see the sustained viral response (SVR). 
Reduction of HCV RNA <1% of initial titer has 80% chance 
of cure rate. Patients who do not show >99% reduction 


in RNA titer at 12 weeks, chances of achieving SVR is 
almost nil. 


Genotyping 
Genotyping should be performed.?* 


Histological Confirmation 

Liver biopsy specimens are obtained at inclusion and 24 
weeks after the end of antiviral therapy. Histological 
benefit is seen in most nonresponders, retreated with 
Pegylated Interferon-Ribavirin combination.” SVR is 
monitored by return of LFT particularly ALT to normal 
and disappearance of serum HCV RNA (PCR). SVR is 
long lasting from 3-5 years after discontinuation of 
therapy in responders.?242527 A recent Italian study 
showed that the SVR improves patient survival. In this 
study, SVR was achieved in 28% of 61 patients treated 
with Peg-Interferon/Ribavirin.*> There is decrease in 
progression of fibrosis after antiviral therapy from 0.75 
to 0.15.26 


HCV +ve Recipients, after LTX 


* Proper Immunosuppressive therapy should be main- 
tained along with antiviral therapy. 

* Allograft rejection should be treated on histological 
proof (liver biopsy). 

* Trial of antirejection therapy must be avoided in 
inconclusive liver biopsies. 

* Least aggressive antirejection therapy is given to 
patients with documented rejection. 

Risk for rapidly progressive HCV recurrence in 
allograft recipients is related to frequent use of steroid 
bolus doses, mycophenolate mofetil, ATG, ALG or OKT3 
use. 


Ascites in HCV Recipients 


Post-transplant ascites is frequently common problem 
and it occurs in the absence of allograft fibrosis. The 
factors influencing are female gender, prolonged cold 
ischemic time and serum creatinine level. 


Indications of Retransplantation in HCV «ve 
recipients with allograft cirrhosis and decompensation 
e Recurrence of HCV 

* Chronic rejection 

* Biliary complications 

* Hepatic artery thrombosis 


Retransplantation is associated with decreased patient 
and graft survival regardless of HCV status. Sepsis and 
postoperative complications account for the majority of 
early morbidity and mortality.??9? After retransplanta- 
tion, 1 year survival rate is less than 50% in patients who 
developed allograft failure due to recurrent HCV 
infection. Severe hyperbilirubinemia and renal failure are 
associated with poor graft survival after retransplanta- 
tion. As per the UNOS data base, HCV positive patients 
has high mortality after transplant as compared to HCV 
negative patients.*! HCV is superseded by multiple 
donors, operative and recipient factors as predicators of 
retransplantation graft survival, and should not 
contraindicate retransplantation.*> 


Spontaneous Clearance of HCV 


Spontaneous clearance of HCV occurs in 10 to 50% of 
patients with acute hepatitis C but is a rare event in 
immunocompetent individuals once chronic hepatitis C 
has been established.** Nearly all HCV-infected patients 
develop HCV reinfection after liver transplantation, and 
spontaneous clearance of HCV in the context of 
immunosuppression is frequently considered to be almost 
impossible. However, HCV-specific CD, and CD; T cell 
responses can be detected after liver transplantation and 
are thought to play a critical role in controlling HCV 
replication and graft damage.5556 


HCV Antibody Positive Grafts 


These grafts may be used in HCV related liver cirrhosis 
and there is no difference in patient and graft survival 
as compared to non HCV related liver disease.?62* 
However, this type of transplantation is less practiced, 
usually during emergency situation. According to UNOS 
data base, patient survival was in fact significantly higher 
in HCV+ grafts. 


HBcAb Positive Grafts in HCV Patients** 


HBcAb+ve allografts can be used for both HCV +ve and 
-ve recipients who are: 


Precautionary measures to reduce HCV related liver injury after LTX^* 


Risk factors Precautionary measure 

Donor age Use of young donors 

Graft steatosis Avoid use of grafts with significant steatosis 
Pre LTX high viremia level Pretransplantation IFN therapy 
Preservation/Ischemic injury Reduce ischemic time 


High immunosuppression levels Individualize immunosuppression 
Treat only moderate to severe episodes of rejection 


Avoid bolus doses of methyl-prednisolone 
Avoid high dose combination immunosuppressive agents 


CMV infection Prophylaxis against CMV infection 

Abrupt change of immune status Avoid sudden change in dose and type of immunosuppression 
Profibrogenic state Promote antifibrogenic agents, such as angiotensin blockers 
PIDM Adequate blood sugar control 

(Post LTX diabetes mellitus) Promote hyperglycemic-sparing immunosuppression 

HIV co-infection HAART for adequate control of HIV replication 


* Critically ill 
* Early HCC 
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Liver Transplanta 


INTRODUCTION 


Alcoholic cirrhosis is one of the common causes of hepatic 
failure. Liver transplantation is the treatment of choice 
for patients with severe liver failure (Childs B and C). 
Relation between OLT and psychoactive substance abuse 
is an issue of increasing interest. An active substance use 
or dependency disorder has absolute contraindications 
for the placement of a patient on the waiting list.! Adults 
with alcoholism and substance abuse in remission should 
not be excluded from transplantation? Many authors 
believe that 6 full months of abstinence in using 
psychoactive substances is essential to be placed on the 
transplantation wait list.>> While other authors reported 
that such criteria has no guarantee to predict or exclude 
a post-transplantation relapse®” to set the period of 
abstinence to 6 months seems excessively rigid, and in 
some cases it does not completely safeguard the health 
of the patient being assessed.5* 

Chronic alcoholism is a direct cause of fatty liver, 
hepatitis, cirrhosis of liver and hepatocellular carcinoma. 
It contributes to the development of hepatitis B and C, 
uncovering of congenital hepatic disorders and 
predisposes to toxic liver injury.’ Alcohol does not 
produce end-stage liver disease in all chronic alcoholics.!? 
Previously treatment of alcoholic cirrhosis was limited 
to the control of complications of portal hypertension, but 
at present liver transplantation has become an acceptable 
option of treatment of alcoholic cirrhosis and its 
complications and transplanted patients have a better 
overall survival rate.!-1 There are certain issues such as 
progressive alcoholic hepatitis'*!> and patients who are 
likely to continue to consume alcohol after 
transplantation, where indication and decision for liver 
transplantation are not clearly defined. 


SOCIAL ISSUES RELEVANT TO ALCOHOLISM 


Few reports mention that patients with ESLD due to 
alcohol are unworthy candidates for liver transplantation 


as they are responsible for the cause of their liver 
disease.!!7 Even if they are considered for liver 
transplantation, they should have a lower priority on the 
waiting list for cadaver donor liver than others.!5/? 
Concern about live donation is that few potential donors 
believe that alcoholics are unworthy recipients and they 
will not donate their organs to an alcoholic.??! No matter 
what the social issue, it is clear that patients with alcoholic 
liver disease (ALD) tend to do well following liver 
transplantation and returns to work as frequently as other 
liver recipients.5? 


RECIPIENT SELECTION 


Selection criteria for the alcoholic recipient vary from 
center to center.” It is always better to refer a patient too 
early for liver transplantation than too late when 
transplantation is no longer an option due to the severity 
of illness. Patients are usually referred to transplant center 
for evaluation when they develop complications such as 
variceal bleeding, ascites, or hepatic encephalopathy.*” 
Hypersplenism in the presence of decompensated 
alcoholic cirrhosis is associated with a greater likelihood 
of subsequent spontaneous bacterial peritonitis and 
variceal hemorrhage and should be included as an 
indication for referral.?? Each patient is carefully evaluated 
forother risk factors such as HCV infection. When patients 
with HCV are evaluated for liver transplantation, a careful 
history will reveal that up to 35% are chronic alcoholics.?* 
Perhaps the most difficult and still unresolved issue in 
the transplantation of alcoholic patients is what to do with 
the patient with alcoholic hepatitis. At present, most 
programs still refuse to transplant those with acute, 
decompensated alcoholic hepatitis. Furthermore, the 
overall outcome of liver transplantation of patients with 
alcoholic hepatitis may be similar to patients with end- 
stage alcoholic liver disease lacking evidence of alcoholic 
hepatitis.” 


A multidisciplinary team including a psychologist and 
psychiatrist should carefully evaluate each and every 
alcoholic cirrhotic patient before being considered for liver 
transplantation.?725 A psychiatrist is an important 
constituent of the team, as those with substance abuse 
have been identified to have more distress, less adaptive 
behavior skills, and more character pathology.” Although 
some have questioned the reliability of an alcoholic 
patient's history of alcohol consumption, at least one 
study indicates that such history obtained at the time of 
consideration of liver transplantation tends to be 
reliable.? The specific criteria used to determine 
candidacy typically includes a period of sobriety.? The 
American Association for the Study of Liver Diseases 
guideline suggests it should be at least 6 months? and 
this intervalis commonly followed by most of the centers. 
Inspite of such recommendations, there is little evidence 
that length of pretransplant sobriety correlates with the 
likelihood of post-transplant recidivism.*** Some 
programs have also indicated that patients must go 
through outpatient treatment programs or attend and 
document attendance at Alcoholics Anonymous 
meetings.5" 


LIVER TRANSPLANTATION 


Although patients with end-stage ALD tend to have more 
advanced clinical liver disease at transplantation than 
patients transplanted for other end-stage liver 
diseases,5535 the early outcome, survival rate and 
retransplantation rate is similar to that of other liver 
diseases." Alcoholic cirrhosis patients over 50 years of 
age, who tend to have a longer initial hospitalization 
during post-transplantation and are at a higher risk of 
early mortality. Longterm psychological and physical 
health in recipients is good.” 

Pretransplant psychiatric evaluation will determine 
what additional treatment and support is needed for the 
patientafter transplantation. Some pretransplant problems 
such as spur cell anemia?! and polyneuropathy will 
resolve following liver transplantation, while others such 
as hypersplenism often persist. Cognitive function may 
also improve following transplantation of the alcoholic, 
although memory typically does not. Alcoholic patients 
transplanted for ESLD have been reported to develop an 
acute postoperative confusional state lasting for 2-3 days 
leading tolongerICU stay. The mechanism of development 
of confusional state is not clear. Post-transplant short 
and long term programs are needed to support continued 
abstinence in the recipient.*? 

Patients transplanted for ESLD due to alcohol have 
a greater prevalence of post-transplant diabetes mellitus? 
and often require initial insulin therapy. Intensive insulin 


management early during post-transplant care is crucial, 
and can contribute to a reduction of both intensive care 
and hospital length of stay. Bacterial infections also are 
more frequent in the alcoholic after transplantation.*é 

The initial survival of patients transplanted for alcohol 
related ESLD is excellent,5>4’>! and appears to be 
unaffected by the return of the patient to modest 
drinking.554*5 Early postoperative clinical health status 
is similar in alcoholics and nonalcoholic patients.?? Longer 
pretransplant abstinence may improve long-term post- 
transplant outcomes.» According to UNOS data base, the 
overall long-term outcome in alcoholics may be poorer, 
in part explained by the greater severity of pretransplant 
illness? and an increase in late complications such as 
tumors, infections, and age-related disease.5* 


RECURRENT DISEASE 


Post-transplant alcohol drinking causes recurrent ALD 
specially includes fatty liver and pericellular 
fibrosis.595556 Most of the patients do not return to the 
severity of drinking they experienced pretransplantation 
and recurrent ESLD is uncommon, although alcoholic 
hepatitis and cirrhosis have been reported,>*” but graft 
loss from recidivism is uncommon.** Allograft cellular 
rejection is less common in the alcoholic than the 
nonalcoholic patients following OLT as the chronic 
alcoholics are intrinsically immunosuppressed.554659 A 
return to alcohol consumption may or may not further 
reduce the risk of acute cellular rejection. Similarly, 
the incidence of chronic rejection in ALD also appears 
to be less,*! and may be further reduced in likelihood by 
alcohol consumption.5? 


SOCIAL ISSUES AFTER TRANSPLANTATION 
RECIDIVISM 


Return of alcohol addiction following liver 
transplantation is considered a serious problem. History 
is not always useful and there may be few clues to its 
occurrence. Liver function tests are routinely done in all 
transplant patients but these tests are a poor indicator 
of recidivism.® Detection of carbohydrate-deficient 
transferrin levels has been proposed as a marker of 
alcohol consumption, but it does not appear to be 
reliable. Patients transplanted for ESLD due to alcohol 
typically drink less alcohol than they did before 
transplantation? recidivism is prevalent ranging from 

^o to 3326.39. 7* Other studies with short abstinence 
period report recidivism rates of 34%, 45%, and 667556 
with relapse rates of 30 to 54% during a 1 to 3-year post- 
transplantation period.575* 


Itis not related to the length of pretransplant sobriety.5* 
However, some correlation has been reported between 
recidivism with shorter intervals of pretransplantation 
sobriety in some studies."!/? Hence most transplant 
centers use a minimum of 6 months sobriety before 
transplantation. Other studies reported that the patients 
transplanted with acute alcoholic hepatitis, and 
consequently a shorter interval of pretransplantation 
sobriety, does not cause an unequivocal likelihood of 
recidivism.” The overall prevalence of drinking among 
alcoholic liver disease patients post-transplantation is 
similar to those transplanted for other liver diseases.” 
Still it is controversial that alcohol consumption by the 
transplantation recipient has any significant effect on 
long-term outcome.” Fostering candor between the 
transplant team and the alcoholic patient seems crucial 
to care and a reduction of recidivism.” 


High risk of recidivism include:57 
* Family history of alcohol ingestion” 
* Male gender with an inadequate social environment” 
* Female gender with unemployment” 
* Poor living conditions associated with a history of 
suicide ideation 
Failure to participate in alcohol rehabilitation 
* Past history of hospitalization for deaddiction of 
alcoholism/* 
* Abuse of other drugs” 
* Earlier age for initial onset of drinking” 
* Alcoholism with dual diagnosis.” 


COMPLIANCE 


Compliance is rarely an issue in the post-transplantation 
period for alcoholic liver disease.5? Regular use of 
medication and OPD visits, overall general compliance 
is typically good and unaffected by recidivism, even if 
it should develop.” Quality of life usually improves post- 
transplantation,”! in conjunction with good social 
rehabilitation although there is more likelihood of post- 
transplantation marital separation. Return to regular 
work varies in different studies. Few studies report it as 
less. while others report it as comparable to those 
transplanted for nonalcoholic liver disease.5?5! 


OTHER ISSUES 


OSTEOPENIA 


Osteopenia is common problem in almost all recipients 
and are at an increased risk of hepatic osteodystrophy, 
typically seen in the 1st 6 months to one year of transplant 
due to corticosteroids and nutritional issues.5*5* But the 
incidence is coming down after early withdrawl of 


steroids in most transplant programs. Patients 
transplanted for alcoholic liver disease have an increased 
fracture risk in part due to alcoholism,* with up to 17% 
reporting fractures (often lumbar spine) during the first 
postoperative year.” 


MALIGNANCIES 


Hematological and cutaneous malignancies are increased 
in prevalence in post-transplant period. Solid tumors are 
generally squamous cell type and are common in 
esophagus, oropharynx, lung and vulva. Recipients with 
predisposing conditions such as ulcerative colitis have 
an increased risk of colorectal cancer when transplanted 
for sclerosing cholangitis.?5? Regular surveillance by 
dental, oropharyngeal examinations, pap smears, careful 
investigation and follow-up of new respiratory and 
esophageal symptoms is mandatory. 

Gallimberti reported that the use of a time criteria alone 
for the selection of OLT patients with substance abuse 
disorder seems to be excessively rigid and restrictive. 
Strict adherence and a valid surrounding environment 
induce greater flexibility and improve the efficacy of the 
evaluation in selecting patients for transplantations.5* 
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INTRODUCTION 


The disease progression is slow in autoimmune liver 
diseases and episodes of decompression are less frequent. 
Outcome after liver transplantation is good. 


AUTOIMMUNE LIVER DISEASES 
* Autoimmune hepatitis (ATH) 

* Primary biliary cirrhosis (PBC) 

* Primary sclerosing cholangitis (PSC) 


AUTOIMMUNE HEPATITIS (AIH) 


Autoimmune hepatitis 

* Autoimmune disease 

e M/F: 36:1 

* Progressive fatigue, jaundice 

* 30-40% of patients present with acute symptoms 

* Some patients have associated with PBC or PSC 
(overlap syndrome) 

* Elevated AST and ALT 

* Elevated Ig G 

* Elevated antinuclear antibody (type 1) 

* Elevated liver-kidney antimicrosomal antibody 
(type 2) Histology 
— Mononuclear portal tract infiltration with more 

plasma cells 
— Interface hepatitis with varying degrees of portal 
and bridging fibrosis 

* Associated with HLA-A1,B8,DR3,DR4' 

* Liver biopsy helps in diagnosis and for assessing the 
severity of the disease. 

LI RI Hepatitis and Wilson's disease have to be ruled 
out. 


TREATMENT 


Before the introduction of steroids, 5 year survival was 
5-10%. At present > 80% survive for 20 years with recent 
drugs and liver transplantation. 


Drugs 

* Prednisolone 

* Azathioprine 

* Cyclosporine 

* Tacrolimus (FK-506) 

* Mycophenolate mofetil (MMF) 


Indication of Medical Treatment? 

Medical treatment controversial for milder form of 

disease. It is indicated in the following conditions: 

* AST and ALT >10 times elevated 

e ASTand ALT >5 times and Gamma globulins > 2 times 
elevated 

* Acute onset with complications 

* Liver biopsy shows bridging necrosis 


Standard Therapy 
Prednisolone is used in patients with diabetes mellitus 
and patients with less bone density. Combination of 
prednisolone and azathioprine is used in patients with 
portal hypertension, thrombocytopenia or leukopenia. 
Treatment response is seen within 3-4 weeks. AST and 
ALT decreases to « 2 times, then gradual tapering of drugs 
may be attempted and maintenance dose is continued. 
Drugs should be maintained for long time when the liver 
biopsy shows continued presence of portal and interface 
hepatitis. Resolution of histological changes in liver takes 
3 to 4 months. 


Rescue Therapy 


20% of the patients fail to respond to standard therapy, 
10-12% have incomplete response and 8-9% patients, 
disease progresses during treatment. These patients 
require addition of immunosuppressive agents like 
cyclosporine, FK-506 or mycophenolate mofetil (MMF). 


LIVER TRANSPLANTATION IN AIH 
AIH is a good indication for liver transplantation. 


INDICATION FOR LIVER TRANSPLANTATION 


* Presented as cirrhosis with complication like portal 
hypertension and variceal bleeding. 

* Failure to respond to standard and rescue therapy 

* Patients with detiorating clinical, laboratory and 
histological course. 


RECURRENCE OF DISEASE AFTER 
TRANSPLANTATION 


Significance of recurrent autoimmune hepatitis (AIH) 
after transplantation remains controversial. Exclusion of 
acute rejection, viral hepatitis, drug effects, and biliary 
obstruction is imperative before making a diagnosis of 
recurrent disease. Risk of recurrence is increased over time 
as immunosuppression is reduced, and longer follow-up 
is required to assess the impact of recurrent disease upon 
patient and graft survival. Recurrent disease is defined 
by sustained elevation of transaminases of at least 1- 
month duration, consistent histopathology, and positive 
autoimmune markers. Recurrence of symptoms is 


Primary Biliary Cirrhosis (PBC) 

* Autoimmune disease 

* F/M:9:1 

* Prevalence 1 in 4000 in USA and UK. 

* PBC in the first degree relatives is 500 times more 
, but exact data is lacking regarding the familial 
predisposition. 

* Association of viral etiology in PBC basing on the 
response to lamivudine and zidovudine.> 

* No clear association of HLA genotypes, But HLA — 
B8 was found in Japanese patients. 

* Antimitochondrial antibodies (AMA) are present in 
95% of patients. Correlation between AMA and bile 
duct injury is unclear, but immune attack of 
aberrantly expressed antigenic molecules on biliary 
epithelial cells is possible. 

* Lymphocytic destruction of medium-sized bile ducts 
expressing increased amounts of Class I and II 
antigens is characteristic. 


associated with abnormal liver chemistry tests and 
positive serology. Liver biopsy reveals periportal 
inflammation and interface hepatitis. Clinical, 
biochemical, and histologic parameters may improve after 
increasing corticosteroid dose and introduction of 
antimetabolites. 

Reported recurrence rates are up to 33% and are based 
on well-defined criteria. Recurrence rate is influenced by 
differences in the immunosuppression and length of 
follow-up. Weaning of immunosuppression should be 
approached with caution, but recurrent disease appears 
to respond to an increase in corticosteroids with or 
without antimetabolites in most cases. The potential 
benefit of tacrolimus over cyclosporine in the prevention 
of recurrent disease is not clear. The incidence of acute 
rejection and steroid-resistant rejection is higher in 
patients transplanted for autoimmune hepatitis than in 
patients transplanted for diseases without an 
autoimmune basis. Few patients may require retransplan- 
tation. 


PRIMARY BILIARY CIRRHOSIS (PBC) 


PBC (Figures 42.1A and B) is manifested commonly in 
middle age females, presenting as fatigue, jaundice, portal 
hypertension and hypercholesteremia 


Diagnosis of PBC 

* Elevated IgM level 

* Antimitochondrial antibody (AMA) positive in 95% 
cases. 

Liver biopsy in unnecessary and reserved for: 

* Uncertainty in diagnosis 

* Lack of AMA 

* PBC overlap syndrome with AIH7 

* Poor response to treatment 

* Histology-chronic non-suppurative inflammation, 
fibrosis and eventual destruction of interlobular bile 
ducts. 


TREATMENT 

Medical Management 

UDCA (Ursodeoxycholic acid), at a dose of 12-15 mg/ 
kg/day? is given in multiple doses (three or four daily). 
Improvement is noticed in symptoms and liver function 
tests.!° It causes release of bile acids from hepatocytes 
into biliary canaliculi and has some immunomodulatory 
effect? Other drugs like Colchicine (may be useful in 
combination with UDCA), prednisolone, azathioprine, 
cyclosporine, methotrexate and pencillamine were tried, 
but failed to show any improvement. 


—— 
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Figures 42.1A and B: Enlarged recipient liver in 
primary biliary cirrhosis 


Surgical Management 

Liver transplantation is the definite surgical treatment for 
PBC. The timing of liver transplantation is important as 
the disease progression is slow and decompensation is 
less frequent. 


INDICATIONS FOR LIVER TRANSPLANTATION IN PBC 
Serum bilirubin » 5.9 mg/dl 

Index liver biopsy shows cirrhosis 

Presence of HCC 

Complications of cirrhosis like variceal bleeding or 
recurrent cholangitis. 

Recurrence of PBC can occur after liver transplantation. 
Recurrent form cannot be caused by a process that is 
directly HLA restricted.!? Recurrent disease is manifested 
as granulomatous disruption of bile ducts, mononuclear 
infiltrates, lymphoid aggregates, portal tract granuloma, 
and ductopenia. Long term cyclosporine/azathioprine 
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and MMF may modify expression of recurrent disease 
within the graft. Low dose tacrolimus is inadequate to 
suppress the underlying immunologic abnormalities in 
PBC. Cyclosporine may be preferable to tacrolimus in 
patients transplanted for PBC. 


PRIMARY SCLEROSING CHOLANGITIS (PSC) 


Primary sclerosing cholangitis (PSC) 

* Unknown etiology 

* Most common in males 

* Incidence:1.3 and prevalence: 8.5 per 100,000 
population?! 

* M/F: 25-3/1 

* Commonly associated with inflammatory bowel 
disease (IBD) in 70-90% cases particularly ulcerative 
colitis. 

* 5-10% of patients of Ulcerative colitis are associated 
with IBD!? 

* Progressive liver disease is seen in % of the patients 
and median survival is 18 years.! 

* Long standing cases develop cholangiocarcinoma 

* 2 types: Small duct and large duct type. 

* Small duct type has better survival rates.’ 


MAYO CLINIC RISK SCORE FOR ASSESSING 
PROGNOSIS OF PSC’? 

R = 0.03 x age (years) + Log bilirubin mg/dl + 0.54 x 
logAST IU/L + 1.24 x H/O variceal bleeding -0.84 x 
albumin g/dl. 


DIAGNOSIS 


Pruritus, fatigue, jaundice and recurrent cholangitis 

Increased alkaline phosphatase and GGT 

* ERCP/MRCP-Localized or multifocal strictures with 
intervening dilated or normal bile duct segments of 
intrahepatic and extrahepatic bile ducts 

* Liver biopsy-histology: inflammation, fibrosis and 

obliterated bile ducts. 


MANAGEMENT 


* No specific treatment. 

* UDCA: 10-15 mg/kg/day even higher doses have 
given better improvement in liver function in one 
series.> 

* Infection-Usually E.coli, Pseudomans, Enterococci, 
bacteroides 
— Treated with broad spectrum antibiotics 
- Long-term prophylaxis with ampicillin or 

ciprofloxacin in recurrent infections 


Recurrent autoimmune and metabolic diseases after LTX'® 


Disease Diagnosis 5 years Effect on Risk Treatment Response 
incidence graft survival factors to 
treatment 
AIH Autoantibodies IG elevated 30% moderate HLA absence of Steroids Variable 
histology steroids 
PBC AMA histology 40% minimal tacrolimus UDCA Unknown 
PSC Exclude non-anastomotic 30% significant Intact colon UDCA Poor 
strictures 
Cryptogenic — 40% ‘Small Uncertain Nil-specific 
Alcohol History blood tests 20% graft damage Small Alcoholism. Abstinence Good 
Substance abuse 
NASH Clinical = Moderate Obesity 
ultrasound Drugs Weight loss Good 
Diabetes correction of 


Small bowel surgery bowel anatomy 


(Abbreviations: AMA, antimitochondrial antibodies; UDCA, ui 


acid; IG, immunoglobulin; HLA, human leukocyte antigen; 


NASH, nonalcoholic steatohepatitis.) (Copyright: “Reprinted with permission of John Wiley and Sons, Inc") 


* Bile for culture should be obtained during endoscopic 
procedures 

* Biliary strictures: Endoscopic or percutaneous 
dilatation and drainage by placing plastic stents or 
temporary ENBD in case of acute cholangitis. 

* Sometimes endoscopic procedure is difficult due to 
dense and fibrotic strictures. 

* Surgical drainage is controversial in modern era unless 
isolated extrahepatic segment of bile duct involved. 

* Chronic recurrent cholangitis: liver transplantation 

* 5 years survival is >80% for liver transplantation after 
PSC.16 

* PSC can recur in the graft after many years. 


Complications of PSC 
Inflammatory bowel disease 
Cholangiocarcinoma 
Hepatocellular carcinoma 
Colorectal cancers 
Osteoporosis 
Portal hypertension 


In a retrospective study of 100 patients transplanted 
for PSC, Jeyarajah et al. found recurrent disease in 15.7% 
and chronic rejection in 1395.17 


OVERLAP SYNDROME 


The term “overlap syndrome” is used to describe variant 
forms of autoimmune hepatitis (AIH) which present with 
characteristics of AIH and primary biliary cirrhosis (PBC) 
or primary sclerosing cholangitis (PSC). Standardization 


of diagnostic criteria for overlap syndromes has not been 
achieved so far, since these disorders are uncommon. It 
remains unclear whether these overlap syndromes form 
distinct disease entities or are only variants of the major 
immune hepatopathies.???! The AIH-PBC overlap 
syndrome is the most common form, affecting almost 10% 
of adults with AIH or PBC. Single cases of AIH and 
autoimmune cholangitis (AMA-negative PBC) overlap 
syndrome have also been reported. The AIH-PSC overlap 
syndrome is predominantly found in children, 
adolescents and young adults with AIH or PSC. Overlap 
syndromes show a progressive course towards liver 
cirrhosis and liver failure without treatment? Therapy 
for overlap syndromes is empiric, since controlled trials 
are not available in these rare disorders. Anticholestatic 
therapy with ursodeoxycholic acid is usually combined 
with immunosuppressive therapy with corticosteroids 
and/or azathioprine in both AIH-PBC and AIH-PSC 
overlap syndromes.” In end-stage disease, liver 
transplantation is the treatment of choice. 


REFERENCES 


1. Donaldson PT, Doherty DG, Hayllar KM, et al. Susceptibility 
to autoimmune chronic active hepatitis: Human Leukocyte 
antigens DR4 and A1-B8-DR3 are independent risk factors. 
Hepatology 1999;13:701-06. 

Czaja AJ, Carpenter HA. Histological findings in chronic 
hepatitis C with autoimmune features. Hepatology 
1997; 59-66. 

Henegan MA, Mc Farlane IG. Current and Novel immuno- 
suppressive therapy for autoimmune hepatitis. Hepatology 
2002; -13. 


" 


p 


* 


m 


AN 


e 


EJ 


10. 


n. 


Prados E, Cuervas-Mons V, De La Mata M, et al: Outcome 
of autoimmune hepatitis after liver transplantation. 
Transplantation 1998;66:1645. 

Mason AL, Far GH, Xu L, et al. Pilot studies of single and 
aombination anti retroviral therapy in patients with primary 
biliary cirrhosis. Am J of gastroenterology 2004;99:2348-55. 


. Lee YM, Kaplan MM. Primary biliary cirrhosis. In Friedman 


LS, Keefe EB (eds): Handbook of Liver Disease. Edinburgh, 
Churchill Livingstone 1998,197. 

Zein CO, Angulo P, Lindor KD. When is liver biopsy needed 
in the diagnosis of primary biliary cirrhosis? Clin Gastroenterol 
Hepatol 2003;1:89-95. 

Lindor KD, Dickson ER,Baldus WP, et al. Ursodeoxycholic 
acid in the treatment of primary biliary cirrhosis. gastroenterol 
1994; 106:1284-90. 

Heathcote EJ. Management of primary biliary cirrhosis. 
Hepatology 2000;31:1005-13. 

Liermann GRF, Evangalista GC, McMaster P, et al. 
Transplantation for primary biliary cirrhosis:retrospective 
analysis of 400 patients in a single centre. Hepatology 
2001;33:22-27. 

Boberg KM, Aadland E, Jahnsen J, et al. H.Incidence and 
prevalence of primary biliary cirrhosis, primary sclerosing 
cholangitis, and autoimmune hepatitis in 


Fausa O, Schrumpf E, Elgjo K. Relationship of inflammatory 
bowel disease and primary sclerosing cholangitis Semin Liver 
Dis 1991;11(1):31-39. 


13. Ponsioen CY, Vrouenraets SM, Prawirodirdjo W, etal. Natural 
history of primary sclerosing cholangitis and prognostic value 
of cholangiography ina Dutch population. Gut. 2002;51(4):562- 
66. 

14. Björnsson E, Boberg KM, Cullen S, et al. Patients with small 
duct primary sclerosing cholangitis have a favourable long 
term prognosis. Gut 2002;51(5):731-35. 

15. Mitchell SA, Bansi DS, Hunt N, et al. A preliminary trial of 
high-dose ursodeoxycholic acid in primary sclerosing 
cholangitis. Gastroenterology 2001;121(4):900-07. 

16. Roberts MS, Angus DC, Bryce CL, et al. Survival after liver 
transplantation in the United States: A disease-specific analysis 
of the UNOS database. Liver Transpl 2004;10(7):886-97. 

17. Jeyarajah DR, Netto GJ, Lee SP, et al. Recurrent primary 
sclerosing cholangitis after orthotopic liver transplantation. 
Transplantation 1998;66:1300. 

18. J Neuberger. Chronic allograft dysfunction: Diagnosis and 
management. Is it always progressive? Liver Transplantation 
2005;11:63-68. 

19. A Crosignani, PM Battezzati, P Invernizzi, et al. Clinical 
features and management of primary biliary cirrhosis. World 
J Gastro-enterol 2008;14(21):3313-27. 

20. Czaja AJ. The variant forms of autoimmune hepatitis. Ann 
Intern Med 1996;125:588-98. 

21. Poupon R. Autoimmune overlapping syndromes. Clin Liver 
Dis 2003;7:865-78. 

22. C Rust, U Beuers. Overlap syndromes among autoimmune 
liver diseases. World J Gastroenterol 2008;14(21):3368-73. 


Synonym: Fulminant Hepatic Failure 


INTRODUCTION 


Acute liver failure results when loss of liver function, 
caused by rapid death or injury to a large proportion of 
hepatocytes, leaves insufficient parenchymal mass to 
sustain life, ALF is defined as the development of hepatic 
encephalopathy within 8 weeks of jaundice in a patient 
who has no prior history of liver disease. 

ALF accounts for approximately 5% of all LTXs in 
United States and 11% in Europe. ALF was Ist described 
in 1950 as a distinct clinical entity.! ALF can be divided 
into 3 subgroups such as Hyperacute (develop 
encephalopathy within 7 days of onset of jaundice) Acute 
(develop encephalopathy within 8-28 days of onset of 
jaundice) and Subacute: (develop encephalopathy within 
5-12 weeks of onset of jaundice). 

Course of the disease is very aggressive as a result of 
therapid cellular damage that can lead to coma and death 
caused by multiorgan failure? It is a major challenge to 
hepatic team as possibility of multiorgan failure and death 
can be prevented from early intervention. 


EPIDEMIOLOGY OF ALF 
ALF IN ASIAN COUNTRIES 


In USA, ALF accounts for less than 10% of all liver 
transplantations. In contrary it accounts for more than 
two third of transplants in Asia? ALF is most commonly 
drug-induced in the West, but in Asia it is caused by viral 
hepatitis. Most common cause is acute exacerbations of 
chronic HBV, which is endemic in countries including 
Hong Kong, Taiwan, China and Hepatitis E endemic in 
India.* 

Acute exacerbation of Chronic HBV may occur? 
* Spontaneously 
* Due to mutant virus 


* Superinfection with other viruses like HCV and HDV 

In Western case series of HCV (non-A non-B) fulminant 
hepatitis, less than 12% were positive for HCV-RNA.° But 
in Taiwan and China, this figure was 50% and above 50%, 
respectively." Similarly the incidence of HCV is increasing 
in Japan. 

Flares of chronic HBV may be spontaneous, represent 
a secondary response to increased levels of replicating 
wild-type or mutant virus, occur after immuno- 
suppressive and cytotoxic therapy, or occur following 
superinfection with other hepatotropic viruses such as 
hepatitis D and HCV. Particularly severe exacerbations 
have been reported in patients who have pre-core mutant 
HBV infection.*5 


ALF IN USA AND UK 


In USA, ALF affects approximately 2000 people per 
year?55 and 39% of ALF are caused by reported to be 
caused by acetaminophen (paracetamol) poisoning, and 
only a minority was caused by viral hepatitis.?*§ In USA, 
acetaminophen poisoning was unknown before 1980 but 
now it is the commonest cause of ALF and is most 
commonly seen in middle aged women.!° 

In United Kingdom, ALF is relatively uncommon as 
compared to USA, causing fewer than 500 deaths and 
less than 5% of liver transplantations per year.!! 
According to the UK National Transplant Database, 
between 1995 and 1998 there was an almost 80% increase 
in the number of patients who had acetaminophen- 
induced ALF listed for a liver transplant.!? 
Acetaminophen poisoning is the commonest cause of ALF 
accounting for 70% of cases.? Most cases of 
acetaminophen overdose in the UK are due to deliberate 
self-harm rather than unintentional as in USA." In fact, 
the UK has the highest rate of deliberate self harm by 
acetaminophen use in the world.'* Up to 10% of cases 


of acetaminophen self-poisoning develop severe liver 
damage, and less than 2% will develop ALF, the worst 
outcomes being in patients with concurrent alcohol use.* 


Common causes of ALF!0192055 
* Druginduced: In USA, Acetaminophen (paracetamol) 
is the most common cause 
* Other drugs: 
— Bromfenac and Troglitazone 
~ Trimethoprim, Propylthiouracil, 
- Antitubercular drugs-INH, Rifampin, Disulfiram, 
— Anticonvulsants: Phenytoin, Carbamazepine, 
Phenobarbital, 
— Halothane, NSAIDs, Ketoconazole 
— Herbal medicines (chaparral and Teucrium 
polium) 
— Recreational drugs 
Ecstasy (3,4-methylene-dioxymethamphetamine) 
Cocaine 
* Infection: Viral etiology: HBV, HAV, HCV and HEV 
Unusual viral causes: HSV, EBV, CMV and Varicella- 
zoster. 
* Inherited / metabolic: 
Wilson's disease, Tyrosinemia, Galactosemia, 
Fatty acid oxidation defect 
Vascular: Budd-Chiari syndrome, Ischemic hepatitis 
* Autoimmune hepatitis 
* Idiopathic 
* Malignancy /Leukemia 
* Amanita phylloides 
* Pregnancy 


In 1998, UK Medicines Control Agency introduced 
legislation to reduce availability of acetaminophen and 
aspirin at the counters.5* Under this legislation, 
pharmacies were limited to selling a maximum of 32 
tablets of paracetamol (total 16 g) per sale and maximum 
allowable sale for other retailers was reduced from 24 to 
létablets.!6 In the 2 years immediately after the legislation 
(i.e., between 1998 and 2000) total acetaminophen sales 
in the United Kingdom fell by 41%.!7 During 2001-2002, 
the percentage of emergency liver transplantations 
performed for acetaminophen-induced ALF decreased 
from 38 to 16%. In the same period, the number of patients 
listed for seronegative hepatitis rose by more than 6095.15 


PATHOPHYSIOLOGY 


ALF occurs when the rate of hepatocyte death is more 
than the rate of hepatocyte regeneration as a result of 
varied etiology that lead to a combination of apoptosis 
or necrosis?! 


APOPTOSIS 


Tt is associated with nuclear shrinkage but without cell 
membrane rupture. Therefore there is no release of 
intracellular content and no subsequent secondary 
inflammation.?! Apoptosis follows activation of caspases 
(cysteine proteases) (after oxidative mitochondrial 
damage). The caspase cascade is activated by various 
cytokines such as tumor necrosis factor-alpha and Fas 
ligand through receptors on the hepatocyte cell 
membrane.” Example of necrotic ALF is acetaminophen 
(paracetamol) toxicity. Any insult that can induce 
apoptosis may also lead to cell death by necrosis, 
especially if the level of mitochondrial damage is such 
that ATP stores are depleted.?! 


NECROSIS 


It causes ATP exhaustion resulting in cellular swelling 
that eventually lyses with release of intracellular content 
and consequent secondary inflammation.! Ischemia due 
to any etiology results in necrosis. Any process resulting 
in marked oxidative stress tend to produce necrotic rather 
than apoptotic cell death, because of severe mitochondrial 
damage and also inhibition of the proapoptotic caspase 
cascade.2525 


Other Factors 


Regulating pathway of hepatocyte death?! 

* Nitric oxide 

* Antioxidants such as glutathione, tyrosine kinases, 
transcription factors 

* Interferon, interleukins (IL-10 and IL-12) and natural 
killer cell-derived IL-5. 


Presentation?>*> 
* Encephalopathy and raised intracranial pressure 
* Coagulopathy 
* Renal impairment 
* Hemodynamic instability and Hypotension 
* Sepsis 
* Multiorgan failure like respiratory failure and cardiac 
arrhythmias. 


Death in ALF is usually related to sepsis, multiorgan 
failure, and intracranial hypertension.?* Multiorgan 
failure can be particularly severe in acetaminophen- 
associated ALF.” 


LABORATORY INVESTIGATIONS 


Laboratory investigations that have prognostic value in 
ALF and are used widely include coagulation parameters, 


serum bilirubin, serum transaminases, serum creatinine, 
arterial pH, and serum lactate. Others like a-fetoprotein, 
ammonia, arterial ketone body ratio, galactose 
elimination, Gc-globulin, and serum Phosphate are less 
frequently used. The core laboratory data that are used 
widely are parameters of coagulation, serum bilirubin, 
arterial pH, (particularly in acetaminophen induced ALF), 
and serum creatinine. 


PROGNOSTIC CRITERIA IN ALF: CLICHY 
CRITERIA AND KING'S COLLEGE 


CLICHY CRITERIA (1986) 

These criteria were the first described by Clichy??? basing 
on analysis of prognostic factors in 115 patients with 
fulminant HBV, managed medically in the pre-liver 
transplantation era between 1972 and 1981. It was initially 
widely used in Europe. ALF patients should undergo 
transplantation if: 

* Grade 3 or 4 encephalopathy. 

* Factor V < 20%, and patient age < 30 years. 

* Factor V « 20%, and patient age > 30 years. 


Limitations?',32 


* Limited availability of factor V measurement 

* Lack of good prospective validation 

* Study based on which these criteria were designed was 
based on single etiology (Fulminant HBV). 


The King's College Criteria (1989) 
These criteria were derived from a retrospective study 
of 588 patients medically treated managed between 1973 
and 1985 The King's College criteria are widely used, 
reason being that they take into account the cause of ALF. 
Basing on King's College criteria, the sensitivity and 
specificity of prognostic criteria for acetaminophen- 
induced ALF is 92 and 69% respectively, indicating that 
a proportion of patients will die without fulfilling the 
criteria.535 There are fewer studies relating to non- 
acetaminophen criteria. When both sets of criteria were 
applied to a non-acetaminophen study population, the 
King’s College criteria performed better than the Clichy 
criteria.35 

Both King's College and the Clichy criteria have low 
negative predictive value leading to inappropriate use 
of LTX in patients of ALF who would have recovered 
without transplantation? The time interval from fulfilling 
a set of criteria to becoming medically unsuitable for LTX 
may be very short, hence there is a need to develop a 
more sensitive criteria with greater negative predictive 
value without loss of specificity? 


King's College criteria for transplantation in ALF 
* Non-acetaminophen induced ALF 
INR (International normalized ratio) > 6.7 (PT > 100s) 
or 
Any three of 
— Unfavorable cause (e.g. drug-induced) 
— Age « 10 or » 40 years 
— Acute/Subacute presentation 
— Bilirubin level > 300 mmol/l 
— INR > 3.5 (PT>50s) 
* Acetaminophen induced ALF 
Arterial pH < 7.3 after volume resuscitation 
or 
Concurrent findings of 
- Grade III/IV Encephalopathy 
— Creatinine > 300 mmol/L 
- INR > 6.5 (PT>100s) 


Both the above criteria when compared with MELD 
score in patients of ALF seemed to be an excellent 
predictor of outcome in both adults and children with 
a diagnostic accuracy of 9576.59 Several markers (Lactate? 
Phosphate? Factor VIII and V ratios," Serial prothrombin 
times,* Arterial ketone body ratio,*> Liver size on CT (< 
1 L),* Liver histology (necrosis)*? and Circulating 
interleukins (IL-6 and 8] have been proposed, when added 
with King's criteria, the result is improved sensitivity 
without significant reduction in specificity.??^? Blood 
lactate and hyperphosphatemia are significant in 
acetaminophen-related ALF. 


CRITERIA IN PEDIATRIC AGE GROUP 


The criteria for diagnosis of ALF in adults can't be applied 

to diagnose ALF in children. PALFSG (Pediatric Acute 

Liver Failure Study Group) defined ALF in children as: 

* Biochemical evidence of liver injury 

* No history of known chronic liver disease 

* Coagulopathy not corrected by vitamin K 
administration 

* INR» 15 if the patient had encephalopathy or » 2.0 
if the patient does not have encephalopathy 
PALFSG staging of encephalopathy for children 

younger than 4 years 


Stage Clinical signs Reflexes Neurologic 
signs 

Early Inconsolable crying, Hyper-reflexic Untestable 
(Grade | sleep reversal, 
and Il) inattention to task 
Mid Somnolence, stupor, Hyper-reflexic Most likely 
(Grade IIl) ^ combativeness untestable 
Late Comatose, arouses Absent Decerebrate 
(Grade IV) with painful stimuli or 

(IVa) or no decorticate 


response (IVb) 


LIVER TRANSPLANTATION IN ALF 


Emergency LTX is the definitive treatment for ALF, but 
itis associated with a worse outcome than transplantation 
for chronic liver disease due to high postoperative 
mortality caused by sepsis and multiorgan failure.3647 
Other factors associated with poor outcome include small- 
size grafts and ABO incompatibility. 


ROLE OF APOLT (AUXILIARY PARTIAL ORTHOTOPIC 

LIVER TRANSPLANTATION) 

In APOLT, a partial liver graft is placed and the native 

liver is left in situ. Indications for APOLT are due to** 

* The ability of the native liver to regenerate to normal 
morphology with time 

* The absence of clinical need for the immediate benefits 
of total removal of the diseased liver. 

Theoretically, when the insult causing ALF resolves, 
the native liver subsequently regenerates and 
immunosuppressive drugs may be discontinued and the 
graft is allowed to atrophy or is surgically removed. 
Currently it is difficult to predict which patients will 
regenerate the native liver. 

APOLT in acute hepatitis B is controversial, as even 
small amounts of virus in the remaining native liver may 
increase the risk of reinfection despite the use of antiviral 
therapy and immunoglobulin. APOLT is not suitable for 
Wilson's disease, autoimmune hepatitis, and Budd-Chiari 
syndrome causing ALF. 


Favorable factors for regeneration are?^! 
* Young age 
* Etiology of ALF (Acetaminophen/ Virus) 
* Mode of presentation (Hyperacute Liver failure) 
* Limited extrahepatic organ involvement 


Poor prognostic factors 
* Grade IV encephalopathy 
* Cerebral edema 
* Renal failure 
* Subacute liver failure 


ROLE OF LDLT 


LDLT is popular in Far East in contrary to DDLT in the 
West, due to the lack of availability of cadaver donors 
because of cultural beliefs. LDLT is being increasingly 
used for adults with ALF in countries like Japan, Taiwan, 
China, Hong Kong and Singapore.55? Most successful 
reported cases of LDLT in ALF have involved right lobe 
graft. Complications are more common in those donating 


a right than a left lobe. In the present era of liver 
transplantation, right lobe grafts are the first choice in 
LDLT irrespective of the etiology of transplantation. 
Considering that patients with ALF have little chance to 
survive without transplantation and that cadaveric grafts 
are still a limited resource, LDLT isa valid option for these 
patients, as well as a safe procedure for donors.” 


MEDICAL MANAGEMENT OF 
ACUTE LIVER FAILURE 


Emergency LTX is the only definitive treatment. Early 
liaison with a LTX unit is clearly important, and any 
contraindications to transplantation should be identified 
with available history from the family, friends, and the 
primary care physicians, if necessary. General supportive 
measures and close clinical monitoring in ICU is 
important. 


FLUID BALANCE 


Liberal volume expansion is likely to be required in most 
cases, usually with a mixture of crystalloids and colloids. 
Correction of acid-base disturbances and hyperlactatemia 
is important because of their impact on circulatory 
function and increasing cerebral hyperemia.? A 
pulmonary capillary wedge pressure of 12-14 mm of Hg 
is desirable. Episodes of hypotension usually avoided. 


HYPOGLYCEMIA 


It occurs due to impaired gluconeogenesis. Glucose levels 
mustbe monitored 4-6 hourly and adequately maintained 
to prevent the cerebral and systemic effects of 
hypoglycemia while avoiding hyperglycemia, which 
worsens cerebral edema.5? 


NUTRITION 
Patients of ALF are usually fed via nasogastric tubes 


ELECTROLYTES 


Close monitoring of Na*, Ca?*, Mg? levels is required. 
Hyponatremia is a negative prognostic sign and can 
worsen brain edema.5*^? Sodium values «125 mmol/l are 
a contraindication for transplantation. 


HYPERCAPNIA 


Hypercapnia should be avoided, because it can lead to 
cerebral hyperemia and increases intracranial pressure 


(ICP). 


PROPHYLACTIC ANTIBIOTICS 
AND ANTIFUNGAL DRUGS 


Prophylactic antibiotics and antifungal drugs are used 
in ALF who are at high risk of sepsis, and there is 
increasing suspicion that the systemic inflammatory 
response is important in the pathogenesis of increased 
ICP in ALF.5/^5 Common organisms are staphylococcus 
aureus, E. coli and Pseudomonas. 


N-ACETYLCYSTEINE 


Role of this drug in ALF due to acetaminophen overdose 
is proved. Progression to grade III-IV encephalopathy and 
mortality is less when patients are treated with N- 
Acetylcysteine.* Hence in acetaminophen poisoning, 
irrespective of when the patient presents, administration 
of N-Acetylcysteine is recommended as it may prevent 
the progression to full-blown ALF.5! 


INTRACRANIAL HYPERTENSION 


Cerebral edema leading to rise in intracranial 
hypertension occurs in 50-80% of cases of ALF in grade 
III or IV encephalopathy. In grade 1 and 2 encephalo- 
pathy, sedatives should be avoided, and the patient 
should be observed closely in a quiet intensive care 
setting. In patients who have grade 3 and 4 
encephalopathy, the head should be elevated to 30 
degrees, and endotracheal intubation should be 
performed.5* 

Aim of treatment is to maintain the cerebral perfusion 
pressure (CPP) » 40 mm of Hg and mean arterial pressure 
>60 mm of Hg. CPP < 40 mm of Hg is usually considered 
as relative contraindication for transplantation. 

Pathogenesis of intracranial hypertension in ALF is not 
clear. Factors contributing to raised ICP are: 

e Ammonia-related cerebral edema is an early insult. 

* Autoregulation of cerebral blood flow is lost in ALF, 
resulting in cerebral hyperemia. 

* Systemic inflammatory response is important in the 
pathogenesis of increased ICP in ALF.5^55: 

Use of ICP monitors seems to be justified in controlling 
ICP, but routine monitoring needs to be balanced against 
the risk of bleeding. Insertion of ICP monitors based on 
measurements using jugular bulb oxygen saturation is 
an option.? The emergence of new methods such as 
continuous EEG and microdialysis techniques are useful 
in monitoring ICP. ICP is usually measured in patients 
of grade III and IV encephalopathy with papillary 
abnormalities who are to undergo transplantation. 


REDUCTION OF CEREBRAL EDEMA 


Mannitol is used to treat cerebral edema and raised ICP 
in ALF. It increases the osmolarity of capillaries in the 
brain. ICP » 20 mm of Hg for more than 5 mins or 
papillary changes usually treated with mannitol 0.5-1 
gm/kg, 20% solution. Reduction of blood volume with 
hemofiltration is also effective in reducing the ICP.® 

Hyperthermia should be prevented, because it worsens 
intracranial hypertension. 

Hypertonic saline (30%) also significantly decreased 
ICP relative to baseline over the first 24 hours. Adverse 
effects of hypertonic saline are multiple small 
hemorrhages, venous thrombosis, pons demyelination 
and aggravation of coagulopathy and shrinkage of the 
brain.5* 

Intravenous indomethacin also reported to reduce ICP 
due to cerebral vasoconstriction and reduction in cerebral 
temperature by inhibition of the endothelial cyclo- 
oxygenase pathway.5^^* But due to its renal and GI 
toxicity, it cannot be recommended for routine use in 
ALF.55 

Reduction of ammonia level: Although lactulose is 
often used to reduce ammonia, studies have not shown 
any benefit in ALF.5! 


ROLE OF HYPOTHERMIA 


Hypothermia is also associated with significant 
improvement in cardiovascular hemodynamics, 
manifested by increased mean arterial pressure and 
systemic vascular resistance and reduced requirement of 
inotropic agents.” 
Moderate hypothermia (32° C-33°C) is known to 
reduce ICP in ALF by. 
* Affecting ammonia level through its brain metabolism, 
cerebral blood flow, and autoregulation 
* Reduction in the inflammatory response and its 
mediators such as nitric oxide, pro-inflammatory 
cytokines and products of oxidative stress.” 
Corticosteroids should be considered only if the 
underlying cause of ALF is an exaggerated immune 
response or autoimmune hepatitis, not for treatment of 
intracranial hypertension. 


COAGULOPATHY 


Correction of coagulopathy is required only with 
hemorrhage or in preparation for invasive procedures. 
Vitamin K is given to correct any reversible coagulopathy. 
Administration of fresh frozen plasma and recombinant 


Rett Liver Failure. 


factor VIIa produces temporary correction of 
coagulopathy and might be useful in the setting of renal 
insufficiency in which volume overload is a concern.7!7> 


METABOLIC AND RENAL PROBLEMS 


Metabolic acidosis is common in ALF and is due to tissue 
hypoxia and increased peripheral lactate production. 
Extracorporeal renal support will be required in up to 
80% of cases of advanced ALF complicated by cerebral 
edema.” The circulatory disturbances in ALF, which 
contribute to the often-associated renal failure, are 
characterized by a generalized vasodilatation that results 
in increased cardiac output and reduced systemic 
vascular resistance and mean arterial pressure.7>” Initial 
management is aggressive volume replacement. If no 
response, should be treated with renal dose of dopamine, 
frusemide. Early consideration of renal replacement 
therapy in the form or CVVHD (continuous venovenous 
hemodiafiltration) or high volume hemofiltration as they 
cause a lower rise in ICP, greater cardiovascular stability, 
and better cerebral perfusion.” Intermittent hemodialysis 
is avoided as episodes of hypotension causes fall in CPP. 


LIVER-SUPPORTING DEVICES FOR ALF 


These are used as a bridge to transplantation or to help 
recovery of the ailing liver. There are 2 categories of liver 
supporting devices such as bioartificial and artificial.” 
ALF reduces the liver’s abi for synthesis and 
detoxification. This reduced ability results in declining 
albumin and clotting factor synthesis, urea cycle 
dysfunction (with subsequent increase in ammonia), and 
reduced metabolism of other protein breakdown 
products.” Toxins such as amino acids, bile acids, 
bilirubin, endogenous benzodiazepines, nitric oxide, and 
phenols accumulate and may contribute to multiorgan 
failure. These toxins are mostly bound to albumin in the 
plasma and therefore are not removable by hemofiltration 
or dialysis. These are the potential targets of liver 
supporting devices. 


BIOARTIFICIAL LIVERS (BAL) 


In BAL, hepatocytes are used to reproduce the synthetic, 
detoxifying, and excretory function of the failing liver. 
An estimated 10" hepatocytes are necessary to provide 
the equivalent function of 10 to 30% of the normal liver 
mass.” But human hepatocytes are difficult to grow in 
culture and are inherently unstable." Hence devices in 
current use rely on animal, particularly porcine, 
hepatocytes that can be cryopreserved much more readily 
or use genetically engineered human hepatocytes 
designed to retain specific functions.” 


The term BAL has been used generically and in respect 
to a specific hybrid device that used 50 g of porcine 
hepatocytes attached to collagen-coated microcarriers and 
charcoal columns in an extracorporeal circuit. Charcoal 
columns were incorporated to reduce the toxic load in 
plasma being exposed to the hepatocytes with a view to 
preserving their functionality, but the possibility of amore 
proactive contribution to the overall efficacy of the device 
cannot be excluded. Safety concerns regarding BAL 
include immune reactions to foreign antigens, 
xenozoonosis, and the escape of tumorogenic cells into 
the recipient.” Use of stem cells for BAL is also been 
described. 


ARTIFICIAL: EXTRACORPOREAL LIVER ASSIST 
DEVICE (ELAD) SYSTEM 


A major advance in artificial extracorporeal devices that 
has helped fuel this interest is the use of albumin dialysis 
with a membrane containing pores small enough to 
increase the selectivity of the detoxifying process. The 
system can be specific for albumin-bound substances, 
which include most of the toxins that accumulate in liver 
failure, whereas larger and more useful molecules (such 
as immunoglobulins) cannot cross over.” 


MARS (MOLECULAR ADSORBENTS RECIRCULATING 
SYSTEM) 

It is the most recently developed system. MARS 
significantly improvements in encephalopathy and 
reduction in ammonia, bilirubin, bile acids, aromatic 
amino acids, and creatinine and is useful in ALF 
particularly if the underlying cause is toxins?! fulminant 
Wilson's disease?! Following acute hypoxic liver injury 
after cardiogenic shock*? and as a bridge to liver 
transplantation after amanita phylloides (toxic 
mushroom) intoxication and Wilson's disease.5? 
Complications of MARS are thrombocytopenia and 
disseminated intravascular coagulation. 

MARS treatment improved the clinical picture of these 
patients, increasing the available time for obtaining an 
urgent liver graft. Moreover, the patients could undergo 
transplantation in a more favorable clinical condition. But 
MARS did not lead to an improvement of coagulation 
function. There is much interest in the application of 
MARSasa bridge to transplantation that remains the only 
effective treatment for therapy of acute liver failure. 


PLASMAPHERESIS 

It has been used periodically to provide artificial support 
in acute liver failure. Improvement in encephalopathy, 
cerebral blood flow, and cerebral perfusion pressure 


without any deleterious change in intracranial pressure 
is documented. 


EX-VIVO PERFUSION 


Ex-vivo perfusion using pig or human livers that are 
unsuitable for transplantation also is described as a bridge 
to transplantation in a small number of patients. Cell- 
based therapies also are attracting interest as a method 
of augmenting liver function.5? 


HEPATOCYTE TRANSPLANTATION 


Hepatocyte transplantation, in which human hepatocytes 
are infused into splenic or portal vascular beds, has shown 
early promise with reduction in encephalopathy, 
ammonia levels, and prothrombin times in small case 
series.4 


SURVIVAL - 


Liver transplantation has significantly improved the 
prognosis of ALF. Selection of recipient and timing of 
transplantation are important in ALF to achieve better 
results.?? The overall survival rates after transplantation 
are 63% in the United States and 61% in Europe. 
Postoperative survival rates in the West and Far East are 
roughly equivalent i.e. 60-80%, compared with 15 to 20% 
survival rates in patients who do not receive grafts.5556 
ALF secondary to idiosyncratic reactions and HBV had 
the poorest outcome (i.e., less than 25% spontaneous 
survival). Acetaminophen-related ALF had the best 
transplant-free survival rate (68%).'? According to 
European registry, the graft survival rate for ABO- 
incompatible liver grafts used for emergency 
transplantation was only 32% at 1 year, compared with 
54 and 49% for matched and unmatched but compatible 
grafts, respectively. The best results were achieved for 
transplantation for Wilson's disease and the worst for 
idiosyncratic drug reactions. In a series of 141 pediatric 
cases undergoing liver transplantation for acute liver 
failure, the 6-month survival rate was 74.5%, and 
mortality was associated with age under 1 year and grade 
4encephalopathy and renal failure before transplantation. 
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etabolic Liv. 


INTRODUCTION 


Metabolic liver diseases are a group of disorders 
which usually present in childhood with a wide-range 
of effects on the liver. Incidence is approximately 20% 
of pediatric and 4% of adult liver transplants performed 
for metabolic diseases! Metabolic disorders can be 
divided into 4 different groups according to the etiology.5* 
A. Primary metabolic defect is in the liver such as Wilson 
disease, &l-Antitrypsin deficiency, neonatal hemochro- 
matosis, galactosemia, glycogen storage disease type I, 
IV and alagille syndrome. B. Primary metabolic defect 
is in the liver and liver function is preserved such as 
familial amyloid polyneuropathy, primary hyperoxaluria 
type I, Crigler-Najjar syndrome type I, familial 
hypercholesterolemia, and urea cycle defects. C. Primary 
metabolic defect is extrahepatic such as nonalcoholic 
steatohepatitis (NASH), gaucher disease, hereditary 
hemochromatosis, and porphyria. D. Systemic metabolic 
defect, liver also involved such as cystic fibrosis 


ALPHA 1-ANTITRYPSIN DEFICIENCY 

Alpha-1-antitrypsin (&-1AT) is a glycoprotein primarily 
synthesized in the liver and secreted into the serum, 
where its function is to inhibit nonspecific, neutrophil 
protease-induced host tissue damage.? o:1-Antitrypsin 
deficiency is one of the most common inherited autosomal 
recessive metabolic liver diseases.* Homozygosity for the 
autosomal codominant Z mutant allele of &-1AT ("PIZZ" 
in World Health Organization [WHO] nomenclature) 
represents the classical form of a-1AT deficiency.^ It 
affects 1 in 2,000 live births.® But only 10 to 15% of patients 
with PiZZ phenotype develop significant liver disease."5 


CLINICAL PRESENTATION 
It affects lung and liver disease. 


PULMONARY SYMPTOMS 


Emphysema develops due to systemic loss of antitrypsin 
function leading to uninhibited proteolytic destruction 
of the pulmonary connective tissue matrix.5^ 


HEPATIC SYMPTOMS 


Presents with jaundice and cirrhosis. In infants, the most 
common presentation of o 1-AT deficiency is cholestasis, 
which usually resolves by 6 months of age.?? Nearly 10% 
of these patients may develop paucity of intrahepatic bile 
ducts and develop prolonged jaundice and cirrhosis.!! 
In most of thecases, jaundice gradually resolves; however, 
cirrhosis may develop in up to 25%, and 10% go on to 
require liver transplantation.!?/? Cirrhosis can present in 
the neonatal period in the absence of jaundice, but it is 
usually rare. In adults, hepatic manifestations present 
in the fourth decade of life. Patients usually present with 
chronic active hepatitis, cirrhosis, portal hypertension, or 
hepatocellular carcinoma.!5 Male patients are at increased 
risk for developing hepatocellular carcinoma.!¢ 

Liver disease in & 1-AT deficiency develops because 
of a gain of toxic function from accumulation and 
decreased clearance of polymerized mutant a 1-AT 
molecules in the endoplasmic reticulum of hepatocytes. 
Precipitating factors, such as alcohol, viral hepatitis, or 
iron overload, may contribute to liver disease among 
heterozygotes. 


DIAGNOSIS 

Phenotyping 

The gold standard for the diagnosis of a-1AT deficiency 
is the phenotype (PI or PI-type) of the &-1AT protein 
present in a sample of the patient's serum as determined 
by isoelectric focusing gel electrophoresis.!7 


a-1AT Level 


Its level in the in peripheral blood can be used as a 
complementary test to compare the phenotype result. 


Liver biopsy 


Periodic Acid Schiff +ve globules can be seen in both 
homozygous and heterozygous patients.!* 


Treatment 


No specific treatment for the liver disease associated with 

a-1AT deficiency. 

* Supportive medical treatment. 

* Avoid smoking 

* Exogenous o-1AT protein replacement is available as 
a treatment for the adult emphysema associated with 
@-1AT deficiency, although replacement has no effect 
onthe development of liver disease because liver injury 
is not related to a lack of circulating anti-protease 
activity 

* Liver transplantation is the only effective treatment 
for decompensated liver disease. 

* Overall 1-year survival is more than 75%. Improved 
surgical techniques and ICU management may explain 
this improvement in outcome. After LTX, a 1-AT 
phenotype converts to that of the donor with 
normalization of serum c 1-AT level within weeks.'? 


CYSTIC FIBROSIS 


Synonyms: Mucoviscoidosis 


Cystic fibrosis (CF) is an autosomal recessive metabolic 
disorder. Prevalence is approximately 1 in every 3000 
white live births. CF affects the exocrine (mucus) glands 
of the lungs, liver, pancreas, and intestines, causing 
progressive disability due to multisystem failure. 


DEFECT 

The mutations in cystic fibrosis transmembrane regulator 
(CFTR) (cAMP-dependent chloride channel) lead to 
inability to maintain luminal hydration of ducts leading 
to ductal blockage.?? 


CLINICAL PRESENTATION 


Liver 

Prevalence of liver disease ranges from 2 to 37% in 
patients with CF.12? CFTR is predominantly expressed 
on the apical surface of the biliary epithelium.?? Liver 
disease is caused by plugging of intrahepatic bile ducts 
by inspissated bile resulting in biliary obstruction and 
multilobular biliary cirrhosis.* Meconium ileus and 
pancreatic disease seem to be risk factors for liver 
disease." 1.8 to 7.8% of patients with CF develop cirrhosis, 
peaking age group between 16-20 years. Common 
manifestations are biliary cirrhosis and portal 
hypertension related complications. Onset of portal 
hypertension carries a poor prognosis, with a mean 
survival of 4.5 years.” These patients are also at risk for 
malnutrition, osteoporosis, diabetes, and deterioration of 
pulmonary status.*° 


Other systems 

Thick mucus plugs result in frequent lung infections. 
Decrease in the secretion of pancreatic enzymes result in 
poor growth, fatty diarrhea and deficiency in fat-soluble 
vitamins. Males can be infertile due to the condition 
congenital bilateral absence of the vas deferens. Often, 
symptoms of CF appear in infancy and childhood. 
Meconium ileus is a typical finding in newborn babies 
with CF.55 


DIAGNOSIS*S 

* Genetic testing 

* Newborn screening tests are increasingly common and 
effective 

* Sweat test: High level of salt is found in sweat 


Role of LTX 


The optimal timing of liver transplantation is debated. 
Some have suggested that liver transplantation should 
be considered early because portal hypertension may 
contribute to the deterioration of pulmonary status. 
Gooding et al. reported that liver transplantation should 
be reserved for patients with significant synthetic 
dysfunction and variceal bleeding alone should not be 
an indication for transplantation. Other studies reported 
encouraging results after liver transplantation, with 
improved pulmonary function, prolonged survival, and 
improved quality of life.°+! Perioperative care should 
focus on aggressive chest physiotherapy, nutritional 
support, nebulized bronchodilator and DNAse treatment, 
and individualized antibiotic and antifungal therapy. 
Pulmonary status initially improves and then stabilizes 


after liver transplantation.? Biliary complications are 
frequent because of involvement of common bile duct. 
For this reason, some authors have advocated routine use 
of Roux-en-Y choledochojejunostomy for patients with 
CF undergoing liver transplantation.* 

It has been suggested that liver transplantation seems 
to improve nutritional status in patients with CF. 
Colombo et al. reported that BMI, bone density, and 
plasma vitamin A and E levels were significantly 
improved at 5 years after liver transplantation compared 
with patients who did not undergo transplant. 


Role of Multi-organ Transplantation in CF 

Combined lung-liver or heart-lung-liver transplantation 
have been reported. Combined transplantation poses 
technical difficulties with a 1 year survival rate up to 
85.795,38 


Gene Therapy 


Gene therapy holds promise asa potential avenue to cure 
cystic fibrosis. Gene therapy attempts to place a normal 
copy of the CFTR gene into affected cells. Studies have 
shown that to prevent the lung manifestations of cystic 
fibrosis, only 5-10% the normal amount of CFTR gene 
expression is needed. Several clinical trials have been 
initiated but the successful gene therapy is yet to come.*> 


HEREDITARY HEMOCHROMATOSIS (HHC) 


It is one of the most common inherited autosomal 
recessive metabolic diseases causing liver cirrhosis. 
Prevalence of this disease is approximately 1:200 to 
1:400. Most patients who have clinical manifestations 
of HHC are either homozygous for the C282Y mutation 
orcompound heterozygous for C282Y /H63D.? Since the 
discovery of the HFE gene, several studies have shown 
that most of the patients who have iron overload in the 
setting of cirrhosis do not have classic HHC based on 
genotype analysis.2!22 


PRESENTATION 


HHC is due to dysregulation of iron absorption leading 
to increased intestinal absorption of iron. Excessive iron 
deposits in various organs results in cirrhosis, 
hepatocellular carcinoma, diabetes, cardiomyopathy, 
arthropathy, hypogonadism and skin hyperpigmenta- 
tion.45 


HEPATIC IRON OVERLOAD 


Hepatic iron overload is seen in*? 
* Hereditary hemochromatosis 


* Chronic hepatitis C 
* Alcoholic liver disease. 


TREATMENT 


* Early diagnosis and phlebotomy is essential. Once 
cirrhosis develops, there is an increased risk for 
hepatocellular carcinoma and premature mortality 
despite iron depletion therapy.?? Patients with iron 
depletion therapy before liver transplant had a better 
survival rates. 

* Liver transplantation is indicated in patients with 
decompensated cirrhosis and/or presence of 
hepatocellular carcinoma. 


SURVIVAL RATES 


1-year and 5-years post-transplant survival rates in 
patients with HHC is less than other indications (54% and 
43% vs. 79.4% and 69.275). Similar results were reported 
UNOS Liver Transplant Registry It indicates that hepatic 
iron overload is associated with decreased survival after 
liver transplant. Kowdley et al. reported that in HFE- 
associated HHC patients, 1-, 3-, and 5-year post-transplant 
survival rates were 64%, 48%, and 34%, respectively, 
significantly lower than in patients who did not have 
HHC% and the patients who did not have HHC who had 
hepatic iron overload also had significantly decreased 5- 
year post-transplant survival compared with the overall 
population (63% versus 72%).45 

The decreased survival and increased mortality rates 
in HHC is due to: 
* Iron over load 
* Infectious complications 
* Cardiac complications 

Patients who have HHC undergoing evaluation for 
liver transplantation should have a thorough cardiac 
evaluation. There is an increased incidence of 
hepatocellular carcinoma in patients with HHC. 


DISEASE RECURRENCE AFTER LTX 

Limited data are available regarding iron reaccumulation 
after LTX. If the primary site of metabolic defect is in the 
small intestine, hepatic iron reaccumulation in the 
transplanted liver would be expected. There is no 
conclusive evidence of significant hepatic iron 
accumulation in patients who have HHC after liver 
transplantation, however. One study reported that there 
was no evidence of iron overload in 10 of the 11 surviving 
patients in 4 years after LTX. Only 1 patient had increased 
serum ferritin and grade 1 to 2 siderosis on liver biopsy.2* 
Absence of iron accumulation after LTX in follow-up 
period suggests that the liver may play an important role 
in regulating iron metabolism in HHC.?? 


ALAGILLE SYNDROME 


It is an autosomal dominant disorder involving affects 
the liver, heart, and other systems of the body, named 
after Daniel Alagille.*¢ 


INCIDENCE 
1 in every 100,000 live births. 


PATHOGENESIS 


Mutations in JAG1 and NOTCH2 disrupt the signaling 
pathway, causing defective development of bile ducts in 
liver, heart, spinal column, and facial appearance.47#5 
JAG] primary gene that is involved in signaling between 
adjacent cells during embryonic development." The 
affected person may inherit the mutation from one 
affected parent or it may result from new mutations in 
the gene. It may occur with no family history of the 
disease. 


CLINICAL PRESENTATION 


Presentation is in infancy or early childhood. Clinical 
manifestations vary from clinically asymptomatic to 
severe liver and/or heart disease ending in organ 
transplantation. Other systems like renal and central 
nervous systems can also be affected. The patients has 
broad, prominent forehead, deep-set eyes, small pointed 
chin. Clinically presents with pruritus, jaundice, 
cholesterol xanthomas and congenital heart diseases like 
Tetralogy of Fallot. 


DIAGNOSIS 


Radiological examination reveals butterfly shaped bones 
are seen in the spinal column; Liver biopsy reveals paucity 
of bile duct and Doppler study reveals cardiac defects. 


Treatment 


No specific treatment for this disease. Aim of treatment 

includes functional improvement of the organs involved 

like liver, heart and kidney. Here we focus on treatment 
of liver disease. 

1. Various drugs like UDCA (Ursodeoxy cholic acid), 
Cholestyramine, Hydroxyzine, Rifampicin, and 
Phenobarbitol can be used in intractable pruritus and 
jaundice. 

2. Nutritional support and high dose of vitamins A, D, 
E and K. 

3. Antibiotics and other supportive care in case of 
cholangitis. 


4. Surgical treatment: Transient external biliary diversion 


with PTCD may be helpful in improving jaundice. If 
there is severe degree of atrophy of bile ducts and 
recurrent attacks of cholangitis, liver transplantation 
is the ultimate treatment. Cardiac defects also require 
surgical correction. 
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INTRODUCTION 


Non-alcoholic fatty liver disease (NAFLD) is one of the 
most common chronic liver disease in the world. Absence 
of significant amount of alcohol consumption (<40 g of 
ethanol/week) is essential for diagnosis of NAFLD. It 
includes a spectrum of conditions with hepatic steatosis 
in the absence of significant alcohol use. The spectrum 
of NAFLD includes: 

Fatty liver/hepatic steatosis (FL) 

* Fatty liver with nonspecific inflammation (FL-N) 

* Non-alcoholic steatohepatitis (NASH) 

Fatty liver with or without nonspecific inflammation 
is believed to have a benign course. Non-alcoholic steato- 
hepatitis (NASH) can progress to cirrhosis, leading to liver 
failure and hepatocellular carcinoma (HCC). 


NON-ALCOHOLIC STEATOHEPATITIS (NASH) 


It is the most extreme form of NAFLD, which is regarded 
as a major cause of cirrhosis of the liver of unknown 
cause.! NASH was first reported described in 1980 from 
Mayo Clinic.? 
NASH is histologically indistinguishable from 
alcoholic liver disease and is characterised by: 
* Hepatic steatosis 
* Necroinflammation: Lobular inflammation predomi- 
nantly with neutrophils, balloon degeneration. 
* Presence of fibrosis and/or Mallory bodies. 


PREVALENCE OF NAFLD 


In unselected populations, the estimated prevalence of 
NAFLD ranges from 3 to 36.9%.>* The prevalence of 
NAFLD increases with increase in prevalence of its 
associated risk factors (e.g. obesity or diabetes mellitus).'? 
In patients with various components of metabolic 


syndrome, the prevalence of NAFLD ranges from 63% 
in diabetics to as high as 96% in subjects with morbid 
obesity." In patients who have abnormal liver enzymes 
in theabsence of serologic or biochemical markers of liver 
disease, the prevalence of NASH ranges from 34 to 
40%.1415 


AGE 

The prevalence of NAFLD increases with age.!617 Peak 
prevalence of NAFLD was earlier in men (fourth decade) 
than women (sixth decade)? The prevalence of NAFLD 
seemed lowest in the elderly.!* 


GENDER 


NAFLD affects both genders equally or slightly higher 
in men.?151920 


RACIAL AND ETHNIC DIFFERENCES 

Higher prevalence of NAFLD is seen in Hispanics and 
a lower prevalence in non-Hispanic blacks than in non- 
Hispanic whites.51921 


RISK FACTORS FOR NAFLD?22365 

* Weight gain 

* Presence of the metabolic syndrome (obesity, diabetes 
or hypertriglyceridemia) 

Age (in women only) 

Surgical procedures: Intestinal bypass surgery 
Polycystic ovarian syndrome 

Rapid weight loss 

Abetalipoproteinemia 

Total parenteral nutrition (TPN) 

Patients with NASH are more likely to have the 
metabolic syndrome (obesity, dyslipidemia, 


hypertension, and insulin resistance) than are those who 
have simple steatosis. Presence of the metabolic syndrome 
confers a 4- to 11-fold increased risk for future 
development of NAFLD and the presence of the metabolic 
syndrome is less likely to be associated with regression 
of NAFLD.” Association of NAFLD with metabolic 
syndrome is known as “Syndrome X.” 

Table below shows prevalence of metabolic syndrome 
in patients of NAFLD;+3! 


Metabolic syndrome Association with NAFLD 
Obesity. 25 to 93% 
Diabetes 30 to 50% 
Hyperlipidemia 92% 

DIAGNOSIS 


There are no accurate and sensitive noninvasive markers 

for NAFLD and NASH. 

* Liver biopsy is the current gold standard in the 
diagnosis of NAFLD and NASH is 

* Hepatic enzymes may be normal. 

* Hepatic imaging can detect hepatic steatosis but 
generally lacks sensitivity in those who have minimal 
steatosis.?? 

* Proton magnetic resonance spectroscopy is a 
promising noninvasive imaging modality to detect and 
quantify hepatic steatosis; however, it is expensive and, 
thus, difficult to use as a screening tool.> 
None of these tests can differentiate between FL or 

FL-N and NASH.2233 
The ratio of NASH to NAFLD of 13 in liver biopsy 

studies, the prevalence of NASH in the general population 

was estimated to be 5.7% and that of NAFLD was 

estimated to be 1725. 


NATURAL HISTORY OF NAFLD?540 


The natural course of NAFLD has been studied using 
paired biopsy studies and cohort studies. The figure 
below shows the natural course of NAFLD. Those who 
have FL or FL-N have a generally benign prognosis, 
whereas those who have NASH can have progressive 
fibrosis leading to cirrhosis and then complications 
leading to death or timely liver transplantation. The 
patients with FL or FL-N may develop NASH, but the 
rate of progression of fibrosis is slow and the development 
of cirrhosis or complications of cirrhosis is 
uncommon.2536354145 Conversely, those with NASH on 
initial presentation lack this ability and can progress to 
varying degrees of fibrosis and cirrhosis. There is a 
higher proportion of subjects who were obese in the 
studies and they showed progression to cirrhosis.352* 


An important issue in the management of patients who 
have NAFLD is the identification of patients who have 
risk factors associated with progressive disease. High BMI 
and diabetes are found to be risk factors for progression 
to fibrosis and cirrhosis.*> Obesity and diabetes mellitus 
are also shown in cohort studies leading to excess deaths 
from cirrhosis and its complications, including HCC.3245 
In persons who did not consume alcohol, obesity was 
associated with a fourfold-increased risk for cirrhosis- 
related death or hospitalization.** 


PRETRANSPLANT EVALUATION OF NASH 
RELATED CIRRHOSIS PATIENT 


Careful evaluation of such patients in the pretransplant 
period is essential to rule out metabolic syndrome. More 
aggressive investigations like exercise stress test, 
dobutamine stress echocardiography and cardiac 
catheterization may be necessary to rule out ischemic 
heart disease. In case of diabetic patients strict control 
of blood sugar is essential and 24 hour urine collection 
for protein and creatinine to look for the evidence of 
diabetic nephropathy. 


CLINICAL OUTCOME IN NAFLD 


In majority of the patients with FL and FL-N, a benign 
prognosis is seen, although progression to NASH and 
cirrhosis can occur.*!45 Patients who had FL embedded 
within a cohort that included all histologic subtypes of 
NAFLD likewise showed similar benign long-term 
outcomes. Patients who have NASH have a different 
clinical outcome from patients who have FL or FL-N and 
development of fibrosis and cirrhosis is comparatively 
high. 

Cardiovascular disease is a leading cause of death in 
cohorts of patients with NAFLD.7838 Several recent 
studies have high lighted the association NAFLD with 
increased atherogenesis that seems to be independent of 
insulin resistance or the presence of metabolic 
syndrome.**45 Hence NAFLD patients might require 
aggressive evaluation and management of cardiovascular 
risk factors in addition to management of chronic liver 
disease.” 


CLINICAL OUTCOME IN NASH 


The development of cirrhosis in patients with NASH 
alters the prognosis significantly. Hui et al. reported that 
nearly 40% patients with NASH-related cirrhosis develop 
complications of cirrhosis after a median follow-up of 5 
years.*! Once cirrhosis develops in patients with NASH, 
the prognosis is poor and seems no different from patients 
with HCV-related cirrhosis.505! 


CORRELATION OF NAFLD AND HCC 


The association of HCC and NAFLD was described first 
in case reports.*?* Serial liver biopsies in patients who 
had NASH show loss of steatosis as progression occurs 
from steatohepatitis to cirrhosis, which then can be 
interpreted as cryptogenic cirrhosis.?5? Earlier studies 
have reported that patients with cryptogenic cirrhosis 
resemble patients with NASH more closely than patients 
with HCV-related cirrhosis.5 Bugianesi et al. reported 
that patients with HCC associated with cryptogenic 
cirrhosis were more likely to have features suggestive of 
NASH than those who had HCC resulting from alcohol- 
or viral-associated cirrhosis. Marrero et al. in their series 
reported that at least one half of the patients with 
cryptogenic cirrhosis had histologic or clinical features 
of NASH and estimated that NASH accounted for at least 
13% of all cases of HCC.? Adam et al reported that 10% 
of patients who had NASH-related cirrhosis developed 
HCC after a median follow-up of 7 years.’ This shows 
that increased risk for HCC in patients with obesity or 
diabetes, both established risk factors for NASH.** 
HCC does develop in patients who have NASH-related 
cirrhosis, although the exact carcinogenic risk has yet to 
be determined. In patients who have NAFLD with 
progression to cirrhosis, it seems that it is reasonable to 
screen for HCC, as is done in cirrhosis from other causes.5* 


Role of NAFLD donors on organ function: The cause of 
suboptimal performance of transplanted fatty livers is not 
clearly known. Probably the decreased mitochondrial 
ATP synthesis during cold preservation and significant 
reperfusion injury are the causes for suboptimal graft 
function.5657 


TREATMENT OF NAFLD 


Treatment of NAFLD is not well established. 

* Exercise and Lifestyle modification significantly 
improves insulin sensitivity, reduce blood pressure, 
lipid levels, and decrease cardiovascular mortality. 
Lifestyle modifications such regular exercise and 
weight reduction should be combined with medication 
to control diabetes, hypertension, and hyper- 
cholesterolemia after liver transplantation and is 
necessary to decrease the incidence of recurrent 
NAFLD. 

* Antioxidants such as vitamin E and betaine have some 
role. 

e Few studies have used glitazones.5245 
Glitazones (Pioglitazone, Rosiglitazone): In normal 
population, rosiglitazone has improved liver histology 
in 5996 of patients in 2 years treatment? and 
improvement in serum liver biochemical tests and 
histology is seen with pioglitazone. 


LIVER TRANSPLANTATION IN NAFLD 


Liver transplant survival rate seems to be similar to the 
recipients with other chronic liver diseases.$)5! More 
importantly, recurrence of FL and NASH after liver 
transplantation occurs and can be severe enough to lead 
to allograft failure.5! In USA, approximately 7% of liver 
transplantations are undertaken for cryptogenic 
cirrhosis.*+ The patients transplanted for cryptogenic 
cirrhosis, steatosis is likely to develop if the underlying 
cause is NASH. 

Recurrent of NASH after LTX is reported to be as 11% 
to 38%.” Increased prevalence of recurrent steatosis and 
NASH may be explained in terms of the metabolic 
derangements and immunosuppression related 
dyslipidemia commonly seen after liver transplantation. 


REFERENCES 


1, Clark JM, Diehl AM (2003). “Nonalcoholic fatty liver disease: 
An underrecognized cause of cryptogenic cirrhosis”. JAMA 
2003;289:3000-04. 

. Ludwig J, Viggiano TR, McGill DB, Oh BJ (1980). 

“Nonalcoholic steatohepatitis: Mayo Clinic experiences with 

a hitherto unnamed disease“. Mayo Clin Proc 55. 

Ruhl CE, Everhart JE. Determinants of the association of 

overweight with elevated serum alanine aminotransferase 

activity in the United States. Gastroenterol 2003;124(1):71-9. 

Clark JM, Brancati FL, Diehl AM. Nonalcoholic fatty liver 

disease. Gastroenterology 2002;124(1):71-79. 

Browning JD, Szczepaniak LS, Dobbins R, et al. Prevalence 

of hepatic steatosis in an urban population in the united states: 

impact of ethnicity. Hepatology 2004;40(6):1387-95. 

6. Omagari K, Kadokawa Y, Masuda J, et al. Fatty liver in non- 
alcoholic non-overweight japanese adults: Incidence and 
clinical characteristics. J Gastroenterol Hepatol 
2002;17(10):1098-105. 

7. Ground KE. Liver pathology in aircrew. Aviat Space Environ 

Med 1982;53(1):14-18. 

Hilden M, Christoffersen P, Juhl E, et al. Liver histology in 

a ‘normal’ population dexaminations of 503 consecutive fatal 

traffic casualties. Scand J Gastroenterol 1977;12(5):593-7. 

Nomura H, Kashiwagi S, Hayashi J, et al. Prevalence of fatty 

liver in a general population of Okinawa, Japan. Jpn J Med 

1988;27(2):142-49. 

10. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: From 
steatosis to cirrhosis. Hepatology 2 (2 Suppl 1):599-112. 

11. Ong JP, Elariny H, Collantes R, et al. Predictors of nonalcoholic 
steatohepatitis and advanced fibrosis in morbidly obese 
patients. Obes Surg 2005; 0-15. 

12. Kemmer NM, McKinney KH, Xiao SY, et al. High prevalence 
of NASH among Mexican-American females with Type IL 
diabetes mellitus. Philadelphia: WB Saunders 2001. p.A117. 

13. Dixon JB, Bhathal PS, O'Brien PE. Nonalcoholic fatty liver 
disease: Predictors of nonalcoholic steatohepatitis and liver 
fibrosis in the severely obese. Gastroenterology 2001;121(1)91- 
100. 

14. Daniel S, Ben-Menachem T, Vasudevan G, et al. Prospective 
evaluation of unexplained chronic liver transaminase 
abnormalities in asymptomatic and symptomatic patients. Am 
J Gastroenterol 1999;94(10):3010-4. 


"| 


- 


* 


EJ 


Loi 


p 


15. Skelly MM, James PD, Ryder SD. Findings on liver biopsy 
to investigate abnormal liver function tests in the absence of 
diagnostic serology. | Hepatol 2001;35(2):195-9. 

16. Shen L, Fan JG, Shao Y, et al. Prevalence of nonalcoholic fatty 
liver among administrative officers in Shanghai: An 
epidemiological survey. World J Gastroenterol 2003;9(5):1106- 
10. 


17. Fan JG, Zhu J, Li XJ, et al. Prevalence of and risk factors for 
fatty liver in a general population of Shanghai, China. J 
Hepatol 2005;43(3):508-14. 

18. Kagansky N, Levy S, Keter D, et al. Non-alcoholic fatty liver 
diseaseda common and benign finding in octogenarian 
patients. Liver Int 2004;24(6):588-94, 

19. Clark JM, Brancati FL, Diehl AM. The prevalence and etiology 
of elevated aminotransferase levels in the United States. Am 
J Gastroenterol 2003;98(5):960-7. 

20. Weston SR, Leyden W, Murphy R, et al. Racial and ethnic 
distribution of nonalcoholic fatty liver in persons with newly 
diagnosed chronic liver disease. Hepatology 2005;41(2):372- 
9. 


21. Caldwell SH, Harris DM, Patrie JT, et al. Is NASH under 
diagnosed among African Americans? Am J Gastroenterol 
2002;97(6):1496-500. 

22. Hamaguchi M, Kojima T, Takeda N, et al. The metabolic 
syndrome as a predictor of nonalcoholic fatty liver disease. 
Ann Intern Med 2005;143(10):722-28. 

23. Falck-Ytter Y, Younossi ZM, Marchesini G, et al. Clinical 
features and natural history of nonalcoholic steatosis 
syndromes. Semin Liver Dis 2001;21(1):17-26. 

24. Ludwig J, Viggiano TR, McGill DB, et al. Nonalcoholic 
steatohepatitis: Mayo clinic experiences with a hitherto 
unnamed disease. Mayo Clin Proc 1980;55(7):434-38. 

25. Lee RG, Nonalcoholic steatohepatitis: A study of 49 patients. 
Hum Pathol 1989;20(6):594-98, 

26. Powell EE, Cooksley WG, Hanson R, et al. The natural history 
of nonalcoholic steatohepatitis: A follow-up study of forty- 
two patients for up to 21 years. Hepatology 1990;11(1):74-80. 

27. Cortez-Pinto H, Camilo ME, Baptista A, et al. Non-alcoholic 
fatty liver: another feature of the metabolic syndrome? Clin 
Nutr 1999;18(6):353-58. 

28. Matteoni CA, Younossi ZM, Gramlich T, et al. Nonalcoholic 
fatty liver disease: a spectrum of clinical and pathological 
severity. Gastroenterology 1999;116(6):1413-19. 

29. Angulo P, Keach JC, Batts KP, et al. Independent predictors 
of liver fibrosis in patients with nonalcoholic steatohepatitis. 
Hepatology 1999;30(6):1356-62. 

30. Chitturi S, Abeygunasekera S, Farrell GC, et al. NASH and 
insulin resistance: Insulin hypersecretion and specific 
association with the insulin resistance syndrome. Hepatology 
2002;35(2):373-79. 

31. Diehl AM, Goodman Z, Ishak KG. Alcohollike liver disease 
in nonalcoholics. A clinical and histologic comparison with 
alcohol-induced liver injury. Gastroenterology 1988,95(4):1056- 
62. 

32. Saadeh S, Younossi ZM, Remer EM, et al. The utility of 
radiological imaging in nonalcoholic fatty liver disease. 
Gastroenterology 2002;123(3):745-50. 

33. Mofrad P, Contos MJ, Haque M, et al. Clinical and histologic 
spectrum of nonalcoholic fatty liver disease associated with 
normal ALT values. Hepatology 2003;37(6):1286-92. 

34. McCullough AJ. The epidemiology and risk factors of NASH. 
In: Farrell GC, George J, de la M Hall P, et al, editors. Fatty 


37. 


43. 


& 
5 


46. 


4 


E 


48. 


49. 


liver disease: NASH and related disorders. Malden (MA): 
Blackwell Publishing 2005 p 23-37. 

Adams LA, Sanderson S, Lindor KD, et al. The histological 
course of nonalcoholic fatty liver disease: A longitudinal study 
of 103 patients with sequential liver biopsies. J Hepatol 
2005:42(1):132-38. 

Harrison SA, Torgerson S, Hayashi PH. The natural history 
of nonalcoholic fatty liver disease: A clinical histopathological 
study. Am J Gastroenterol 2003;98(9):2042-47. 

Day CP. Pathogenesis of steatohepatitis. Best Pract Res Clin 
Gastroenterol 2002;16(5):663-78. 

Adams LA, Lymp JF, St Sauver J, et al. The natural history 
of nonalcoholic fatty liver disease: A population-based cohort 
study. Gastroenterology 2005;129(1):113-21. 

Lindor KD, Kowdley KV, Heathcote EJ, et al. Ursodeoxycholic 
acid for treatment of nonalcoholic steatohepa! results of 
a randomized trial. Hepatology 2004;39(3):770-8. 

Fassio E, Alvarez E, Dominguez N, et al. Natural history of 
nonalcoholic steatohepatitis:a longitudinal study of repeat 
liver biopsies. Hepatology 2004;40(4):820-26. 


. Dam-Larsen S, Franzmann M, Andersen IB, et al, Long term 


prognosis of fatty liver: Risk of chronic liver disease and death, 
Gut 2004;53(5):750-55. 


. Calle EE, Rodriguez C, Walker-Thurmond K, et al. 


Overweight, obesity, and mortality from cancer in a 
prospectively studied cohort of U.S. adults. N Engl J Med 
2003;348(17):1625-38. 

El-Serag HB, Tran T, Everhart JE. Diabetes increases the risk 
of chronic liver disease and hepatocellular carcinoma. 
Gastroenterology 2004;126(2):460-68. 

Ioannou GN, Weiss NS, Kowdley KV, et al. Is obesity a risk 
factor for cirrhosis-related death or hospitalization? A 
population-based cohort study, Gastroenterology 
2003:125(4):1053-59. 


. Teli MR, James OF, Burt AD, et al. The natural history of 


nonalcoholic fatty liver: a followup study. Hepatology 
1995,22(6):1714-19. 

Villanova N, Moscatiello S, Ramilli S, et al. Endothelial 
dysfunction and cardiovascular risk profile in nonalcoholic 
fatty liver disease. Hepatology 2005;42(2):473-80. 


. Targher G. Associations between liver histology and early 


carotid atherosclerosis in subjects with nonalcoholic fatty liver 
disease. Hepatology 2005;42(4):974-75 

Brea A, Mosquera D, Martin E, et al. Nonalcoholic fatty liver 
disease is associated with carotid atherosclerosis: A case- 
control study. Arterioscler Thromb Vasc Biol 2005,25(5):1045- 
50. 

McPherson DD. Circulatory dysfunction in NAFLDdwhich 
is first, which is last, and what do we do in between? 
Hepatology 2005;42(2):270-2. 

Ratziu V, Bonyhay L, Di Martino V, etal. Survival, liver failure, 
and hepatocellular carcinoma in obesity-related cryptogenic 
cirrhosis. Hepatology 2002;35(6):1485-93. 


51. Hui JM, Kench JG, Chitturi S, et al. Long-term outcomes of 


cirrhosis in nonalcoholic steatohepatitis compared with 
hepatitis C. Hepatology 2003;38(2):420-27. 


. Cotrim HP, Parana R, Braga E, et al. Nonalcoholic 


steatohepatitis and hepatocellular carcinoma: natural history? 
Am J Gastroenterol 2000;95(10):3018-19. 


. Zen Y, Katayanagi K, Tsuneyama K, et al. Hepatocellular 


carcinoma arising in non-alcoholic steatohepatitis. Pathol Int 
2001;51(2):127-31. 


54. Shimada M, Hashimoto E, Taniai M, et al. Hepatocellular 
carcinoma in patients with nonalcoholic steatohepatitis. J 
Hepatol 2002;37(1):154-60 

55. Caldwell SH, Oelsner DH, Iezzoni JC, et al. Cryptogenic 
cirrhosis: Clinical characterization and risk factors for 
underlying disease. Hepatology 1999;29(3):664-69. 

56. Poonawala A, Nair SP, Thuluvath PJ. Prevalence of obesity 
and diabetes in patients with cryptogenic cirrhosis: A case- 
control study. Hepatology 2000;32(4 Pt 1):689-92. 

57. Ong J, Younossi ZM, Reddy V, et al. Cryptogenic cirrhosis 
and posttransplantation nonalcoholic fatty liver disease. Liver 
Transpl 2001;7(9):797-801. 

58. Bugianesi E, Leone N, Vanni E, et al. Expanding the natural 
history of nonalcoholic steatohepatitis: From cryptogenic 
cirrhosis to hepatocellular carcinoma. Gastroenterology 
2002;123(1):134-40. 

59. Marrero JA, Fontana RJ, Su GL, et al. NAFLD may be a 
common underlying liver disease in patients with 
hepatocellular carcinoma in the United States. Hepatology 
2002;36(6):1349-54. 

60. Contos MJ, Cales W, Sterling RK, et al. Development of 
nonalcoholic fatty liver disease after orthotopic liver transplan- 
tation for cryptogenic cirrhosis. Liver Transpl 2001;7(4):363- 
73. 


61, Charlton M, Kasparova P, Weston S, et al. Frequency of 
nonalcoholic steatohepatitis as a cause of advanced liver 
disease. Liver Transp! 2001;7(7):608-14. 

62. Neuschwander-Tetri BA, Brunt E, Wehmeier KR, et al. 
Improved nonalcoholic steatohepatitis after 48 weeks of 


63. 


67. 


treatment with the PPAR-gamma ligand rosiglitazone. 
Hepatology 2003;38:1008-17. 

Promrat K, Lutchman G, Uwaifo GI, et al. A pilot study of 
pioglitazone treatment for nonalcoholic steatohepatitis. 
Hepatology 2004;39(1):188-96. 

Liver transplant waiting list. UNOS database 2000. Available 
at: http:/ /www.optn.org/.com 


j. Cantos MJ, Cales W, Sterling RK, et al. Development of nonal- 


coholic fatty liver disease after orthotopic liver transplantation 
for cryptogenic cirrhosis. Liver Transpl 2001,7:363-73. 
Fukumori T, Okhohchi N, Tsukamoto S et al. Why is the fatty 
liver unsuitable for transplantation? Detioration of 
mitochondrial ATP synthesis and sinusoidal structure during 
cold preservation of a liver with steatosis, Transpl proceed 
1997229:412-15. 

Gao W, Connor HD, Lamestars JJ, et al. Primary nonfunction 
of fatty liver produced by alcohol is associated with a new, 
antioxidant insensitive free radical species. Transplant. 
1995;15:674-79 

Janus P Ong, Zobair M Younossi. Approach to the Diagnosis 
and Treatment of Nonalcoholic Fatty Liver Disease. Clin Liver 
Dis 2005,9:617-34 

JP Ong, ZM Younossi. Epidemiology and Natural History of 
NAFLD and NASH. Clin Liver Dis 2007;11:1-16. 

Kotlyer DS, Campbell MS, Reddy KR, et al. Recurrence of 
diseases following orthotopic liver transplantation. Am J 
Gastroenterol 2006;101:1370-78. 


Synonym: Hepatolenticular degeneration 


INTRODUCTION 


The disease was named after British neurologist, Dr 
Samuel Alexander Kinnier Wilson (1878-1937), who 
described the disease in 1912. It is characterized by of 
Copper in tissues like liver, kidney, cornea, central nervous 
system, heart, skin and blood. It is an autosomal recessive 
disorder.! The Wilson's disease gene (ATP7B) has been 
mapped to chromosome 13 (13q14.3) which codes for a 
P-type ATPase that transports copper into bile and 
incorporates it into ceruloplasmin.?? Female/Male ratio 
is 4:1. Presents in the age group of 6-20 years. Its incidence 
in the Western populations is 1 per 30,000. Rate of carriers 
is 1 in 100, meaning that 1 in 100 people are unaffected 
carriers of heterozygous mutation. Presentation before 5 
years and after 40 years rare in spite of biochemical defect 
present since birth. 


SIGNS AND SYMPTOMS*5 

* CNS:Copper deposits in the basal ganglia, particularly 
in lenticular nucleus (putamen+ globus pallidus) 
causing cell death and Parkinson's disease. 
Hepatic symptoms: 40-50% cases, 10- 14 years of age 
Neurologic symptoms: 40-50% cases, 20-22 years of age 
Hepatic: Chronic active hepatitis leading to cirrhosis 
Fulminant liver failure (which is characterized by low 
alkaline phosphatase, low ceruloplasmin and high 
bilirubin levels), Rarely Hepatocellular carcinoma 
Neuropsychiatric symptoms:5 Dementia, mood 
disorders, asterixis (a flapping tremor of the hands), 
Parkinsonism, Psychiatric symptoms (Behavioral, 
Affective, Schizophrenia like symptoms, Cognitive). 
Renal: Renal tubular acidosis, kidney stones, 
Ophthalmic: Kayser-Fleischer rings (brown rings 
around the cornea in the eye that result from copper 
deposition in Descemet's membrane of the cornea.” 


- Sunflower cataracts (brown or green pigmentation 
of the anterior and posterior lens capsule). 

Cardiac: Cardiomyopathy, cardiac arrhythmias 

Cutaneous: Hidradenitis suppurate 

Hematological: Anemia, present only in severe cases. 

Musculoskeletal 

— Skeletal involvement: Osteopenia on conventional 
radiologic examination. 

- Arthropathy occurs in 20-50% of patients after age 
of 20 years frequently involves the spine and large 
appendicular joints, such as knees, wrists, and hips. 


DIAGNOSIS®1° 


* LFT: Low serum alkaline phosphatase! 

¢ Low ceruloplasmin level (<30%) in over 80% of 
patients (Normal level 20-60 mg/dl) 

* 24 hour Urinary copper elevated usually >100 ug/dl 
(Normal 15-50 micro gm/day) 

* Blood copper level elevated (Normal: Males: 70-140 
ug/dl, Females: 80-153 ugm/dl) 


Figure 46.1: CT scan image of wilson's disease 


Figure 46.2: Liver in a Wilson's disease patient 


* Liver biopsy: Increased copper (normal «10 ug/gm 
dry weight of liver). 
Usually » 20 times the normal level in Wilson's disease. 


RADIOLABELLED COPPER 


It directly assays hepatic copper metabolism. 

Blood sample collected at 1, 2, 4, 24, and 48 hours after 

oral ingestion of radiolabelled copper (Cu64 or Cu67) 

to see radioactivity 

* In normal people radioactivity immediately appears 
after absorption followed by hepatic clearance and 
reappearance of the radioacti in serum occurs as 
the labeled copper is incorporated into newly 
synthesized ceruloplasmin and released into the 
circulation. 

* Heterozygotes exhibita slow lower-level reappearance 
of radioactivity rather than the continued fall in 
radioactivity in those with Wilson disease. 

* Patients with Wilson disease, even those with normal 

ceruloplasmin levels, do not exhibit the secondary rise 

in radioactivity. 


GENETIC DIAGNOSIS 


* Linkage analysis has been used in family studies for 
presymptomatic testing 

* Multiplicity of mutations (2200 mutations of ATP7B 
are identified) that require screening in individuals 
without affected family members!?5 

* Molecular testing is currently limited to screening of 
family members for an identified mutation detected 
in the index patient. 


IMAGING STUDIES 
* Cranial CT scan findings are typically bilateral 
- Well-defined, slit like, low-attenuation foci 
involving basal ganglia, particularly the putamen 
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— Larger regions of low attenuation in the basal 
ganglia, thalamus, or dentate nucleus. 

- Widening of the frontal horns of the lateral 
ventricles and diffuse cerebral and cerebellar 
atrophy and histologically proven neuronal loss. 

* Brain MRI 

- More sensitive than CT scan in detecting early 
lesions. 

- MRI studies show bilateral focal abnormalities of 
3-15 mm diameter, in the white matter, pons, and 
deep cerebellar nuclei, appearing with low signal 
intensity on TI-weighted images and with high 
signal intensity on T2-weighted images, 
representing cell loss and gliosis. 

— A characteristic “face of the giant panda" sign has 
been described, formed by high signal intensity in 
the tegmentum (except for the red nucleus), 
preserved signal intensity of the lateral portion of 
the pars reticulata of the substantia nigra, and 
hypointensity of the superior colliculus. 


POSITRON EMISSION TOMOGRAPHY SCAN (PET SCAN) 


* PET scan reveals a significantly decreased cerebral 
metabolic rate of glucose consumption in the 
cerebellum, striatum, cortex and thalamus. 

* PET analyses of patients of Wilson disease have 
marked reduction in the activity of dopa- 
decarboxylase indicating impaired function of the 
nigrostriatal dopaminergic pathway. 

* All these abnormalities improve with chelation 
therapy, indicating a reversible component of striatal 
neuron injury. 

* CT scan, MRI, ultrasound, and nuclear medicine 
studies are neither specific nor sensitive for Wilson 
disease. 


ELECTRON MICROSCOPY 

* The electron microscopic detection of copper- 
containing hepatocytic lysosomes is helpful for the 
diagnosis of early stages of Wilson disease in addition 
to the quantification of hepatic copper by atomic 
absorption spectrophotometry. 


TREATMENT**15 

* Avoid mushrooms, nuts, chocolate, dried fruit, liver, 
legumes and shellfish (especially lobster). 

* Restrict copper « 1 mg/day. 

* Lifelong treatment 

* Chelating agents: Remove the copper from the tissues 
- D-penicillamine (16) 


Dose: 1 gm/day (adults), 20 mg/kg/day for children 
maintenance: 750 mg to 1 g/d PO QD 30 min after 
meals 

C/I: hypersensitivity, renal insufficiency, aplastic 
anemia 

— Trientine (Triethylene tetramine hydrochloride): Useful 
in patients who can not tolerate penicillamine. 
Dose: 250-500 mg TID or 0.5-2 gms/day (adults), 
20 mg/kg/day (children) indicated if initial 
presentation is hepatic related and is administered 
with zinc. 

C/I: hypersensitivity, biliary cirrhosis, rheumatoid 
arthritis, cystinuria 

— Ammonium tetrathiomolybdate: 120 mg/day 

Pregnancy in Wilson's disease: Can have a successful 

pregnancy while undergoing chelation therapy at a 

reduced dosage, particularly in the third trimester. 

Some studies say its safety is not established in 

pregnancy. 

Vitamin Bg (Pyridoxine): Involved in synthesis of 

GABA. 

Dose: 25 mg QD 

Zinc acetate: 150-300 mg QD. 

- It blocks the intestinal absorption of copper from 
the diet and endogenous secretions. 

— Italso acts by producing metallothionein, a protein 
that binds with copper to prevent its release into 
the blood, and facilitates elimination via the stool. 

Dimercaprol: used for refractory wilson disease not 

responding to routine treatment 

Dose: 3-5 mg/kg IM q4h 

C/I: Hypersensitivity, G-6-PD deficiency, concurrent 

iron supplementation therapy 

Fulminant Wilson disease leads to rapidly progressive 

hepatic failure, hepatic encephalopathy, coagulopathy 

and death if emergent liver transplantation is not 
performed. 

Liver transplantation is effective in patients with 

fulminant hepatic failure. These patients are listed as 

status 1 in the waiting list, as per UNOS. 

Transplantation is reserved for patients with fulminant 

liver failure, end-stage liver cirrhosis which progresses 

despite chelation therapy. 

In the absence of severe hepatic disease, liver 

transplantation is generally not recommended for 

treatment of refractory extrahepatic manifestations. 

Transplantation is curative, but as it is only undertaken 

in severely ill patients the prognosis is still mediocre. 

Dystonia and parkinsonian: Anticholinergics, 

Ttizanidine, Baclofen, Levodopa, or (GABA) y-amino- 

butyric acid agonists—particularly clonazepam. 


PROGNOSIS’? 


e Prognostic index: Wilson disease with Fulminant 
Hepatitis 


Score 0 1 2 3 4 
Serum bilirubin < 100 100-150 151-200 201-300 > 300 
(range, 3-20 mmol/l) 

Serum AST < 100 100-150 151-200 201-300 > 300 
(range. 7-40 IU/I) 
Prolonged pro- «4 48 942 1320 >30 


thrombin time (seconds) 


* Patients with score > 7 must be considered for liver 
transplantation. 

* Patients who exceeded this score die within 2 months 
of diagnosis inspite of medical treatment. 

* Prognosis after liver transplantation is relatively good 
and comparable to other causes of liver 
transplantation. 


FOLLOW-UP 


* First 4-6 weeks after chelation therapy: Weekly 24- 
hour urinary copper, CCB count, urinalysis, serum free 
copper, LFT and renal function tests following 
initiation of chelation therapy. 

* Monitor efficacy as follows: 

— Measure serum non-ceruloplasmin bound 
copper: 
Formula: Total serum copper (mcg/dL) - 3 
[ceruloplasmin (mg/dL)]. (Normal «15 mcg/ 
dL). 

- Measure urinary copper excretion. Urinary 
chelator levels usually measure 200-500 mcg/ 
day. Urinary zinc levels usually measure «75 
mcg/day. 

* Bimonthly evaluations are recommended through the 
first year, followed by yearly examinations thereafter. 

* In patients with Kayser-Fleischer rings: Slit-lamp 
examination once in a year. 

* Lifelong, uninterrupted chelation therapy is necessary 
in all patients with Wilson disease. 

* Frequent follow-up with patients is necessary, 
secondary to patient decompensation and Fulminant 
hepatic failure due to noncompliance. 

* Patients should avoid alcohol and hepatotoxic drugs. 

* First-degree relatives of any patient newly diagnosed 

with Wilson disease must be screened for the condition 

Wilson disease with Pregnancy 

Excessive intrauterine copper concentrations may be 

responsible for the high rate of spontaneous abortions. 

* D-penicillamine ata lower dose (0.75-1.5 g/d) appears 
to pose no risk to the fetus and must be continued 
throughout pregnancy. 
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INTRODUCTION 


Budd-Chiari syndrome (BCS) is a rare disorder that is 
characterized by hepatic venous outflow obstruction, 
usually associated with a prothrombotic state. 
Obstruction can occur at any level from the hepatic 
venules to the right atrium of the heart. It occurs 
predominantly in young adults and affects more women 
than men.! The expert panels have defined BCS as hepatic 
venous outflow obstruction between the hepatic veins and 
therightatrium.? Venoocclusive disease as nonthrombotic 


Most common causes of Budd-Chiari syndrome** 
* Congenital caval membranes (Eastern countries)! 
* Myeloproliferative disorders (MPD) (50%) (Western 
countries) 

- Polycythemia vera 

- Essential thrombocytosis 

Dysfunction of the coagulation cascade (Western 
countries) 

- Factor V Leiden mutation 

= Protein C and S deficiency 

= antithrombin III deficiency 

Hypercoagulable states (10-20 %) (2) 

— use of estrogen/oral contraceptives 

- pregnancy (10%) 

— tumors (10%) 

Paroxysmal nocturnal hemoglobinuria (5%) 
Antiphospholipid syndrome 

Idiopathic 20% 

Other causes 

- Trauma 

— Hepatitis 

— Hepatic abscess 

— Inflammatory bowel disease 

- Polycystic liver disease 


-Chiari Syn 


obstruction of sinusoids is excluded from this definition. 
This obstruction causes venous stasis, centrilobular 
congestion, and hepatocyte necrosis, which leads to 
centrilobular fibrosis, nodular regenerative hyperplasia, 
and ultimately cirrhosis of the liver? Spontaneous 
resolution has been reported? and up to 25% of patients 
remain asymptomatic.> 


PRESENTATION 


It varies from completely asymptomatic patient to 
fulminant hepatic failure. Common manifestations are - 
* Right upper quadrant pain 

* Hepatomegaly 

* Abdominal ascites 


Three forms of presentation? 

e Acute/fulminant form: Presents with rapidly worsening 
encephalopathy and ascites 

© Subacute form: It is the most common form and presents 
with minimal ascites and hepatic necrosis because of 
sinusoidal decompression through the collateral 
venous circulation. 

* Chronic form: Present with the end-stage liver disease 
and portal hypertension. 


HCC in BCS patients: Hepatocellular carcinoma can 
cause hepatic vein or IVC obstruction by direct vascular 
invasion of the tumor, resulting in secondary outflow 
occlusion. Alternatively, HCC can develop de novo in 
patients with BCS and cirrhosis. 


DIAGNOSTIC WORK UP 


* Duplex ultrasound: First modality of investigation 
with an accuracy of 709532 

e CT scan: Assessment of 
- Patency of hepatic veins 
- Parenchymal abnormalities 


- Caudate lobe hypertrophy’? 

— Ascites 

Caudate lobe hypertrophy is due to compensatory 
mechanism following hepatic venous outflow 
obstruction. It has an important surgical relevance. 


e Magnetic resonance imaging: It is useful in 

- Differentiating acute from chronic disease. 

- Detailed evaluation of vascular anatomy, and 
patency of the supra and infrahepatic vena cava!^ 

- Distinguishing benign from malignant disease 

Angiography /Venography may also be considered. 

Liver biopsy is usually is needed as part of the 

evaluation for liver transplantation. Patients who have 

bridging fibrosis and cirrhosis are suitable candidates 

for liver transplantation and have an excellent post- 

transplantation prognosis. 

Bone marrow biopsy is required in patients with 

suspected myeloproliferative disorders 


TREATMENT 


MEDICAL TREATMENT 


* Heparin is started, followed by addition of Warfarin 
for long-term therapy. 
* Control of ascites 
— Fluid and sodium restriction (sodium-60 to 90 mEq/ 
day = 1500 to 2000 mg of salt) for control of ascites 
- Diuretics: furosemide (20-40 mg/d) and/or 
spironolactone (50-200 mg/d) 
- Regular abdominal paracentesis in tense ascites 
* Control of variceal bleeding 
- p-blockers 
- Endoscopic therapy 
Treatment failure is defined as worsening liver 
function, refractory ascites, hepatorenal syndrome, or 
hepatic encephalopathy despite optimal therapy.!* 
Medical treatment alone is associated with a high 
mortality rate of more than 80%.!7 


Thrombolytic Therapy 

Streptokinase or tissue plasminogen activator can be 
used. Tissue plasminogen activator is the preferred agent 
because it has a very short half-life (5 minutes), and 
systemic therapy is of little value.!5 

Contraindications to thrombolysis: 

* History of a bleeding disorder 

* Previous cerebrovascular accident 

* Hypertension. 


Interventional Therapy'?3 


Hepatic vein recanalization and stenting.” Balloon 
angioplasty and stent placement in the IVC and hepatic 
veins are useful adjuncts to medical therapy in acute 
setting. Stent placement is recommended because 
reocclusion occurs frequently after angioplasty.? Zhang 
et al? reported his series of 115 patients with BCS treated 
successfully by stent placement in the IVC and hepatic 
veins in 94 and 87%, respectively. Stent patency with a 
mean follow-up of more than 45 months was greater than 
90%, 

Transjugular intrahepatic portosystemic shunt (TIPS) 
is an effective method and is useful in patients who 
present late and already have intrahepatic shunt 
formation.?!3 TIPS is preferable to a surgical shunt in 
most instances, especially if patients have caudate lobe 
compression of the inferior vena cava or are candidates 
for liver transplantation. 

For the minority of patients who continue to deteriorate 
despite TIPS, liver transplantation may be considered. 


SURGICAL MANAGEMENT 


Surgical shunts provide good long-term patency rates.” 
The first report of a portocaval shunt in BCS was 
presented by Blakemore in 1948.74 Published data 
indicated that surgical portosystemic shunting provides 
good patency rates, showing long 5-year survival ranging 
from 69% to 94%,12528 


Survival rates after liver transplantation in BCS'!*. 33-49 


Author year 5 years 10 years Recurrence Thromobotic 
events 

Halff et al 1980 ~ 50% . 9 13 
Jameieson et al 1991 - 50% = 7 18 
Srinivasan et al 2002 95% 78% 11 11 
Fisher 1999 > 80% Š = 

Rossle et al 2004 > 80% 5 e 

ELTR* 2005 84% 68% - 

Cruz et al 2005 65% 65% 27 27 
Mentha et al 2006 71% 68% 2 14 
Plessier et al 2006 2 z 9 36 
Frank et al 2008 89% 84% ra 12 


("ELTR- European liver transplant registry) 
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1n 2004, Murad etal! reported a large multicenter study 
in which a prognostic model, assessing longterm 
transplantation-free survival, was developed.! This 
model, later referred to as the Rotterdam BCS index, was 
able to distinguish 3 classes of patients. The equation is 
as follows: 

1.27 x encephalopathy + 1.04 x ascites + 0.72 
x prothrombin time + 0.004 x bilirubin 

Ascites and hepatic encephalopathy were scored as 
present (score-1) or absent (score-0). 

Prothrombin time was scored as higher (score-1) or 
lower (score-0) than 2.3 INR. Bilirubin was a continuous 
variable for which the risk increased with 0.004 
per umol/l. 

The total score (i.¢., the sum of item scores) ranged from 
0.02 to 4.03. Three classes of patients could be 
distinguished such as: 

e Class I - Total score between 0 and 1.1 
* Class II - Score between 1.1 and 1.5 
* Class III - Score of 1.5 and higher 

The overall survival rates in this study were 82%, 69%, 
and 62% at 1, 5, and 10 years, respectively. The 5-year 
survival rate was 89% for class I, 74% for class II, and 
42% for class III.! 

Different shunts procedures such as side-to-side 
portocaval shunt, mesocaval and mesoatrial (use of 
Goretex graft in between SMA and right atrium) shunts 
can be performed in BCS. Synthetic H Grafts can also be 
used for shunt reconstruction. Side to side portocaval 
shunts are most preferred. Mesoatrial shunts are 
discouraged due to an unacceptable incidence of graft 
thrombosis and death.” 


LIVER TRANSPLANTATION 


First report of a successful liver transplantation for BCS 
was reported in 1976. Fulminant BCS with irreparable 
necrosis of liver parenchyma and chronic forms with 
established cirrhosis and progressive hepatic 
decompensation are the indications for orthotopic liver 
transplantation (OLT).?! Life long anticoagulation is 
required after LTX to avoid recurrence of BCS. 

Technical concerns at the time of transplantation are 
prior shunt placement and caudate lobe hypertrophy. Pre- 
existing portacaval shunts can make the hilar dissection 
particularly challenging. Caudate lobe enlargement may 
make mobilization of the liver extremely difficult. Optimal 
exposure is mandatory. Patients with significant portal 
hypertension and prior shunt surgery are placed on 
venovenous bypass (both peripheral and portal). This 
bypass allows portal decompression during the 
dissection, thus reducing blood loss and preserving 
hemodynamic stability. 


Vascular complications in the form of thrombosis in 
portal vein/hepatic vein/IVC?! are more after LTX for 
BCS. Hence the patients are on long term anticoagulation 
therapy. Mentha et al.?! reported that mortality rate 
ranges upto 40% after recurrence of BCS or other vascular 
complications. Nearly, 40% of early deaths occurred 
among patients who had a creatinine > 160 pmol/l at the 
time of LTX, while patients with a normal renal function 
did well, with a survival of 77% at 10 years. 

Liver transplantation for BCS is a safe treatment option 
in patients who fail to respond to conventional therapies 
including thrombolysis, angioplasty, TIPS, or shunt 
surgery, and should be considered before renal failure 
occurs 3238 


RECURRENCE 
Rate of recurrence of BCS after transplantation ranges 
from 2-27%,1633-353839 


Thrombotic events after LTX range from 11- 
369,16. 33-35,3840 
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INTRODUCTION 


Liver transplantation has significantly improved the 
prognosis in patients with ESLD. The improvement in 
the techniques, better postoperative care and newer 
immunosuppressive agents has improved the longterm 
survival in liver transplantation. But it has several 
limitations such as the shortage of organ donors, 
complications and life long immunosuppression. In live 
donor transplantation donor complications are also 
significant. The incidence of chronic liver failure is 
expected to increase over the next 10 years as a result 
of the silent epidemic of hepatitis C. As a result of the 


shortage of donor organs, potential liver transplant 
patients must often await a donor liver for years. Only 
about 5000 patients each year receive a solid liver 
transplantation. Clearly, the vast majority of patients with 
liver diseases cannot rely on organ transplantation as a 
solution. There is an urgent need for new technologies 
foracute and long-term support of patients with damaged 
livers. 

Recent developments as alternative to liver transplan- 
tation options are: 
* Hepatocyte transplantation 
* Xenotransplantation 
* Stem cell transplantation 


Tt is thought that the function of the liver can only be 
replaced by functioning liver cells, thereby requiring the 
availability of liver tissue from xenogenic or human 
sources. Hepatocyte transplantation (HT) may be a useful 
bridge to transplan-tation for selected patients with liver 
failure." Mito et al (1992) reported the first clinical 
experience of hepatocyte transplantation in humans. 
Unfortunately his trial did not show any clinical 
improvement in clinical status of his patients. 


INDICATIONS. 


* Acute liver failure!! 

* Inborn errors of metabolism 
— Glycogen storage disease, type 1 (Muraca et al^) 
— Crigler-Najjar syndrome type 1° 


- Urea cycle disorders 

- Infantile Refsum disease, an autosomal recessive 
inborn error in peroxisomal metabolism of very- 
long chain fatty acids, bile acid metabolism, and 
pipecolic acid catabolism (Sokal et al’) 

- Liver-based metabolic disorder characterized by a 
severe deficiency in the production and secretion 
of the coagulation factor VII. Dhawan et al. reported 
that after HT, the requirement for exogenous factor 
VII diminished to approximately 2095.5 

- Fumary-lactoacetate hydrolase deficiency"! 

— Hereditary tyrosinemia type I"? 

* Chronic liver disease: Kobayashi et al. results from 
studies in rats showed that intra-splenic HT could 
improve liver function in chronic liver diseases. They 
also suggested that hepatocytes transplanted into the 


spleen could receive much better perfusion and be in 
closer contact with the portal circulation than those 
that are located in the peritoneum or the orthotopic 
cirrhotic liver.1° 


ROUTES OF HEPATOCYTE TRANSPLANTATION 


* Transhepatic approach is commonly used. But when 
repeated cell infusions are required, Other approaches 
are used 

* Umbilical vein; if it is patent, it can be elegantly used 
for portal vein access. During HT, the ductus venosus 
has to be blocked with a second balloon catheter to 
prevent shunting of the cells into the caval vein.25 

* Inferior mesenteric vein can also be used for portal vein 
access! 

* Middle colic vein may be a good alternative in case 
of portal vein thrombosis? 

In virtually all human patients, HT has been associated 
with a clinical improvement of the patient. However, no 
complete correction of any metabolic disease in human 
patients by HT alone has been reported. 


ADVANTAGES OF HT 


PARE of HT over whole liver transplantation: 

* Whole livers can only be transplanted within a short 
time after procurement; isolated liver cells may be 
cryopreserved for later use in emergencies.'^ 

* Asingle donor could potentially provide hepatocytes 
for several patients. 

* It is a minimally invasive procedure carrying less 
morbidity and expense than whole organ 
transplantation. 

* Hepatocyte transplantation should not interfere with 
subsequent OLT. 

The most reliable sites for hepatocyte engraftment and 
function are:!7 

* Liver 

* Spleen. 

* Peritoneal cavity 

* Portal vein 

* Subcutaneous tissue 
Portal vein infusion or injection of hepatocytes into 

the splenic pulp results in seeding of the transplanted 
cells into the liver parenchyma. Transplantation of 
hepatocytes has been shown to significantly improve the 
survival of animals with both chemically and surgically 
induced acute liver failure!5 and to prevent the 
development of intracranial hypertension in pigs with 
acute ischemic liver failure.!° Studies using transgenic 
animals have indicated that massive repopulation of the 
host liver by engrafted hepatocytes requires that the 
transplanted cells undergo a proliferative stimulus to 
which the host hepatocytes cannot respond.” 


The proliferative stimulus may consist of the: 

* Loss of hepatic mass, such as partial hepatectomy 

* Reperfusion injury 

* Massive apoptosis mediated by Fas-gene transfer 

* Administration of stimulants of hepatocellular mitosis. 
Conceptually, hepatocyte transplantation should be 

especially suitable for treating acute liver failure because 

the liver remains architecturally normal and has 

considerable potential for recovery. 


CLINICAL STUDIES?! 


Habibulla et al.? from India reported 7 patients who 
received a single intraperitoneal infusion of fetal 
hepatocytes harvested from 26 to 34 weeks gestational 
age fetuses. The overall survival of patients receiving 
hepatocytes was 43%, as compared with 33% in matched 
control subjects. All the patients in grade III hepatic 
encephalopathy, who received a liver cell transplant 
survived, whereas matched control subjects who did not 
receive transplants had a 50% mortality rate. 

Strom etal.” reported the use of hepatocyte transplan- 
tation (mixture of between 107 and 109 freshly isolated 
and cryopreserved liver cells) via splenic arterial 
perfusion as a bridge to liver transplantation in 5 patients 
with grade IV hepatic encephalopathy and multisystem 
organ failure. All the patients maintained normal cerebral 
perfusion, cardiac stability and blood ammonia levels 
decreased significantly with withdrawal of medical 
support 2 to 10 days before liver transplantation. In 
contrast 4 patients with illness of equal severity were used 
as control subjects, all died within 3 days. 

Bilir et al.” reported 5 patients with acute liver failure 
(grade III to IV encephalopathy and factor V levels less 
than 0.5 U/ml, ventilator and dialysis dependent) who 
underwent intrasplenic and/or intrahepatic hepatocyte 
transplantation. There was an initial improvement (in 
encephalopathy scores, arterial ammonia level, and 
prothrombin time) in 3 patients who survived for 12, 28, 
and 52 days, respectively. Postmortem examination 
showed the presence of transplanted hepatocytes in liver 
and spleen by light microscopy and fluorescent in situ 
hybridization (FISH). 

Approximately 20% of patients with acute liver failure 
might survive without transplantation. Although 
transplanted hepatocytes may have provided clinical 
benefit, convincing evidence of engraftment and function 
of the transplanted cells is difficult to prove. Relatively 
less than optimal liver cell number, quality and viability 
after cryopreservation in some of the earlier transplants 
may have also been a factor. For better results may be 
seen in the future if multiple hepatocytes infusions are 
performed. Further prospective randomized control 
studies are needed to clarify the outcomes of patients who 
receive liver cell transplants for acute liver failure.?! 


SOURCES OF HEPATOCYTES 


Liver Rejected for Transplantation 


The most limiting factor in HT is a lack of livers to harvest 
hepatocytes. Usually the only source of livers to harvest 
hepatocytes is livers that are rejected for transplantation. 
Approximately 25% of livers? from multiorgan donors 
are refused for transplantation each year, mostly because 
of misdiagnosed cirrhosis or high-grade steatosis. Using 
this pool of organs as a source of human hepatocytes 
for transplantation purpose is an approach to save livers 
and improve long-term outcome of patients affected by 
terminal liver disease. But in liver with >20% steatosis, 
the hepatocytes do not have the metabolic capabilities 
of normal hepatocytes. 


Fetal Hepatocytes 

Fetal hepatocytes have several characteristics that make 
them potentially suitable as donor cells. They are highly 
proliferative, which may facilitate engraftment and 
expansion of transplanted cell population.?* 


Bone Marrow-derived Cells 


Many articles have been published mentioned the 
possibility that pluripotent stem cells reside in the bone 
marrow and can contribute to liver regeneration after 
noxious insults to the liver”? These studies have been 
undertaken in both animal models of liver progenitor cell 
activation and in anedoctal cases of sex-mismatched 
human liver and bone marrow transplantation analyzing 
the expression of the Y chromosome in the livers of males 
transplanted from a female donor and in the hepatic tissue 
of females with a bone marrow transplant from a male 
donor. Lagasse et al. reported the intravenous injection 
of adult bone marrow cells in the tyrosinemic mouse 
model and demonstrated rescue of the mouse and 
restoration of biochemical function of the liver. 


Immortalized Cells 


Several studies have investigated the use of conditionally 
immortalized hepatocytes for liver cell transplanta- 
tion??? These cell lines are based on the use of the SV40 
large T antigen that can induce temperature-sensitive 
immortalization through the production of a protein that 
is active at 33°C, but is conformationally inactivated at 
39*C. These conditionally immortalized hepatocytes 
become de-differentiated and would not therefore be 
suitable for clinical use because of the risk of 
tumorogenesis. Thereafter, cell lines have been construc- 
ted with an additional herpes simplex virus-thymidine 
kinase so that ganciclovir can be used to destroy any 


simian virus 40 large T-antigen (SV40Tag) expressing cells 
should the control of these cells become unregulated. 


Liver Resected for Malignancy 


In a study from Australia, Haghighi et al. have 
demonstrated the successful initial stages of harvesting 
tumor-free hepatocytes from liver resected for metastatic 
tumors such as colorectal and pancreatic cancers. Tumor 
cells were removed using immunomagnetic technique. 


Banking of Human Liver Cells 


Primary isolated human hepatocytes are the best source 
of hepatic tissue for liver cell-based therapy. The major 
drawbacks to the use of primary isolated human 
hepatocytes are the difficulty to identify human livers 
suitable for cell isolation and 


ThE important factors preventing the use of HT are: 
Limited availability of hepatocytes from human livers 
unsuitable for orthotopic liver transplantation.?*3* 

e Lack of development of a standardized and centralized 
method of cell isolation and conservation in many 
countries. 


Hepatocyte Apoptosis during Rejection 


Donor hepatocyte apoptosis is induced by recipient 
cytotoxic T lymphocytes during acute rejection episodes, 
representing a major impediment for the application of 
hepatocyte transplantation." The mechanisms of 
transplant hepatocyte loss involve Fas-mediated 
pathways.3539 BCL-2 genetic modification can protect 
liver cells from Fas-mediated apoptosis.??! Wang et al. 
reported that adenovirus-mediated BCL-2 gene transfer 
protects transplanted hepatocytes from Fas-mediated 
cytolysis, thus holding promise for a new avenue of acute 
liver failure treatment.?? 


NATURAL COURSE OF THE TRANSPLANTED 
HEPATOCYTES 

Transplantation of isolated syngeneic and allogeneic 
hepatocytes are rapidly disintegrated by recipient 
mechanisms of innate immunity, irrespective of origin 
or site of engraftment, namely, spleen, liver, portal vein, 
peritoneum, or subcutaneous tissue. The cell implantation 
procedure creates a wound which leads to local 
mobilization and activation of granulocytes and 
macrophages, as well as to deposition of complement and 
coagulation factors. The scavenging phase of wound 
healing is initiated. Transplanted cells become the victims 
ofthe wound healing process, being removed with wound 
debris. Only a few cells survive among the large number 


of hepatocytes that had been transplanted in suspension 
into tissues and body cavities.9?5 Wesolowska et al. 
reported that elimination of recipient natural killer cells 
with irradiation and bone marrow transfusion prevents 
early destruction of transplanted hepatocytes.*” 


FUTURE ALTERNATIVE SOURCES 


Future alternative sources for HT are xenotransplants, 
immortalized human hepatocytes* and stem cell-derived 
hepatocytes.154? 
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Organ transplantation is a highly successful treatment 
modality, but its application is severely restricted by a 
worldwide shortage of organs. Xenotransplantation 
would eliminate this organ shortage. Xenotransplantation 
(Xeno: Greek word-foreign) is the transplantation of living 
cells, tissues or organs from one species to another such 
as from pigs to humans. Such cells, tissues or organs are 
called xenografts or xenotransplants. To overcome the 
shortage of human organs for transplantation, pigs are 
considered as xenogeneic donors. 

Advances in immunology and genetics foretold the 
transplantation of animal tissues and cells into humans, 
which could become a reality in the future.!? Thomas 
E, Starzl, wrote that: “History tells us that procedures that 
were inconceivable yesterday, and are barely achievable 
today, often become the routine of tomorrow." Today, 
Xenotransplantation is barely achievable;I am convinced 
that tomorrow, xenotransplantation will become routine. 

Pig cells express a carbohydrate epitope called the a- 
gal-epitope which is also expressed on tissues of all 
mammals except humans and subhuman primates. 
Humans and primates have natural antibodies against 
this epitope. If a pig kidney is perfused with human blood, 
the preformed antibodies react with the o-gal-epitope. 
This antibody-antigen reaction elicits an activation of the 
complement and clotting systems, causing injury to the 
vascular thrombosis leading to hyperacute rejection. 

In Europe during early 1990s, White et al. from 
Cambridge developed pigs that were transgenic for a 
human complement inhibitor known as h-DAF. When 
organs from such pigs were transplanted into primates, 
hyperacute rejection was usually avoided. If the primates 
were treated with immunosuppressive agents, the pig 
organs could, in some animals, function for several 
weeks. Following renal transplantation, post-operational 
function was obtained for 78 days in 1 recipient. 
However, many of the pig kidneys were lost within days 
or weeks due to rejection, whereas many of the primates 
died of adverse reactions related to the immuno- 
suppressive treatment. 

Zhong etal.°reported orthotopic heart transplantations 
inbaboons using organs from h-DAF transgenic pigs, with 
a maximum survival of 38 days. It indicates that the pig 
kidneys and hearts could function in primates for several 
weeks, but the results were inconsistent and many of the 
recipients died. There was the potential risk of transmitting 
porcine endogenous retroviruses (PERV). It was finally 


concluded that progress had been made, but that the 
technology was not sufficiently developed for clinical 
application. 


ADVANTAGES OF XENOTRANSPLANTATION’® 


Allow wider indications 

Eliminates organ shortage 

Eliminate living donors 

Eliminate use of marginal donor organs 
Eliminate the waiting time 

Allow recipient pretreatment 

Allow immune modification of donors 
Protect from HLA and autoantibody 

Allow proper scheduling of organ transplant 
Inbred donors facilitate tolerance 


Historical review of xenotransplantation of liver 


Author Country Animal Survival Year 
source 

Starzl USA Chimpanzee 9 days 1969 
Bertoye and Marion France Baboon >4 months 1969 

jer France Baboon 72h 1970 
Giles and Starzl USA Chimpanzee 26 h 1970 
Pouyet and Berard France Baboon <2 days 1971 
Starz! USA Chimpanzee 14 days 1974 
Makowka USA Pig 34h 1992 
Starzl USA Baboon 70 days 1992 
Starzl USA Baboon 26 days 1993 


(Source: Deschamps J-Y., Roux FA, Say P, Gouin E"? and Taniguchi 
and Cooper!) 


MAJOR HURDLES FOR DEVELOPMENT IN 
XENOTRANSPLANTATION!5 


* Immune barriers 
* Xenoviruses 
* Ethical issues 


Immunological Barrier 

Highly effective immunological barriers, such as 
hyperacute rejection causes rapid destruction of the 
xenograft in the recipient.*5 Innate immunity seems to 
play a major role in rejection of pig xenografts in primate 
models. In particular, tumor necrosis factor (TNF), 
produced by natural killer cells and macrophages, 
contributes to xenograft rejection by promoting 
endothelial cell activation and the recruitment of 


inflammatory cells. TNF binds to two distinct high-affinity 

receptors, TNF-Receptor 1 (TNFRI, p55) and TNF- 

Receptor 2, which are co expressed in most cell types.” 

TNFR1 mediates the majority of cytotoxic and 

proinflammatory TNF activities, whereas the effects of 

TNFR2 vary depending on the cell type.” Interestingly, 

TNF does not always function cross-species, as human 

TNFa (hTNFo) binds poorly to murine TNFR2.?5 Reports 

have shown that both pINFR1 and pTNFR2 binds hINFa 

with high affinity.2627 

The current focus of the xenograft community is the 
genetic engineering of donor pigs to diminish the 
immunologic response encountered on graft reperfusion. 
At present, 2 transgenic strategies are used to diminish 
hyperacute rejection in porcine organs such as: 

* Strategy 1 adds human complement-regulatory 
proteins (CRPs) to the surface of pig cells. 

* Strategy 2 is o-gal down regulation that diminishes the 
major xenoepitope on the surface of porcine cells.2532 
The development of transgenic pigs with human CRPs 

has made hyperacute rejection more manageable.*** In 

2002, research groups in Boston and Pittsburgh succeeded 

in cloning pigs. The genes that encode a-galactocyl- 

transferase were eliminated, and the pigs did not express 

the a-gal-epitope.***” So it is possible to produce a1, 3- 

galactosyltransferase gene-knockout (GT-KO) pigs by 

cloning."*. The tissue of such pigs is free from Gal (050 

Gal knockout pigs), the epitope that induces hyperacute 

xenorejection. 

When kidneys and hearts from such “a-gal-knockout” 
pigs were transplanted to baboons, hyperacute rejection 
was not seen, and in some immunosuppressed recipients 
the pig organs survived and functioned for a few months 
as compared to that seen previously with organs from 
pigs transgenic for human decay-accelerating factor 
(hDAF).? But, long-term function was prevented by graft 
rejection and thrombotic microangiopathy was seen on 
histological examination. These findings indicate that 
there are more pathways to xenograft failure than Gala, 
3Gal (Gal); anti-non-Gal Abs and coagulation incompati- 
bilities may be implicated. Attempts are being made 
to introduce human genes that would induce complement 
inhibitors, or inhibitors of coagulation, into the GI-KO 
pigs. The results of organ transplantation from such pigs 
are eagerly awaited. 

Ramirez, et al. in a study conducted to prevent 
hyperacute rejection in orthotopic Liver xenotransplan- 
tation performed from pigs to baboons, concluded that 
genetically modified pig livers expressing CD55 and 
CD59 are resistant to hyperacute rejection and able to 
maintain hemostasis xenotransplanted baboons.5* 


Potential targets for prevention of 
acute vascular rejection?? 


Molecular Target Consequence 

o-Gal Binding of xenoreactive 
antibody 

Tissue factor Thrombosis 

FGL2/fibroleukin Thrombosis 

CD39 (ATPDase) Platelet activation 

Tissue factor pathway Inhibition of tissue factor- 

inhibition mediated thrombosis 

Heme oxygenase 1 Modulation of apoptosis 

(HO-1) 

Xenoviruses 


Virological barriers are mainly represented by infectious 
porcine endogenous retroviruses (PERV) that cause no 
harm in the pig itself but have the capacity to productively 
infect human cells in vitro.5*? However, the animal 
models used so far do not reflect transmission of PERV,” 
suggesting that an intact immune system is able to 
effectively suppress productive infections. To minimize 
this risk, the organs from pigs free of PERV shall be used 
for xenotransplantation. The use of strictly controlled 
animals will minimize the risk of transmitting infectious 
agents from pig to human.5* 

PERV-free means the exclusion of infectious 
proviruses, But there are numerous truncated proviral 
sequences that can not be completely eliminated.* Even 
those defect PERV form a risk in terms of virological 
safety, If the truncation concerns the envelope (env) gene, 
it is possible that this mutated provirus acts like a long 
terminal repeat (LTR) retrotransposon, which amplifies 
itself intracellularly, a mechanism termed retrotrans- 
position.55 LTR retrotransposons belong to the 
transposable elements in eukaryotes that are acting like 
retroviruses but, due to the lack of env, they merely 
circulate intracellularly. This has been shown for gamma- 
type retrovirus Moloney Murine Leukemia Virus 
(MoMLV).5537 


Ethical Issues 


Ethical issues are important pertaining to the first 
patients who will be offered transplantation with 
xenogenic tissues. One such issue concerns defining the 
merit/demerits ratio in the context of the first clinical 
attempts. It might also be difficult to institute an 
appropriate informed consent procedure. The fact that 
the patients will have to be monitored for possible 
infectious diseases for an extended time, possibly for life, 


is another ethical concern. There are a number of ethical 
issues with regard to society at large. It is important to 
achieve public acceptance of a novel medical technology 
such as xenogenic transplantation. Any new and 
unfamiliar treatment modalities are often met with 
scepticism. Such scepticism prevailed in the 1960s and 
1970s when human organ transplantation was in its 
infancy. When it became apparent that transplantation 
could return a dying patient to a normal life, the 
scepticism, and the criticism, abated. The establishment 
of national guidelines and of an official surveillance 
system is prerequisites for clinical trials with 
xenotransplantation. A number of countries already have 
guidelines in place, whereas others are lagging behind. 
This raises concerns that some such countries might 
initiate xenotransplantation programs and attract 
desperate patients in need of a transplant. The World 
Health Organization has recently issued a statement 
against such practices. 


XENOGENIC CELL TRANSPLANTATION 


It has been shown that diabetes can be cured by the 
transplantation of human islets of langerhans, and the 
transplantation of neurons has been tested as a treatment 
for Parkinson's disease. In view long waiting list for 
transplantation, the supply of human cellular grafts is 
inadequate. An alternative would then be to use cellular 
grafts from pigs.* In the early 1990s, Carl Groth et al.” 
reported that fetal pig islets were injected into 10 diabetic 
patients. In 8 patients, islets were injected into the portal 
vein. These patients had undergone renal transplantation 
for diabetic nephropathy and were thus on 
immunosuppressive treatment. 4 patients showed 
evidence of function of the pig islets, in that there was 
porcine C-peptide excretion for several months, in 1 
patient for more than 1 year. 2 patients had the islets 
placed under the kidney capsule of a simultaneously 
transplanted human kidney. A biopsy specimen taken 
3 weeks after transplantation showed intact porcine cells. 
These were the first ever observations of pig cells 
surviving in the human body. This study indicates in 
future there is a role for xenogenic cell transplantation. 

The main obstacle to hepatocyte transplantation is 
identifying an appropriate cell source.” Human 
hepatocytes are too scarce. Although immortalized cell 
lines are plentiful, safety concerns make their use 
untenable. Porcine hepatocytes, on the other hand, are 
abundant, maintain their differentiated functions and 
metabolic activity, and do not present the tumorigenicity 
and de-differentiation risk of modified cells. The principle 
obstacle with transplanting porcine cells is rejection. This 
limitation can be overcome by immunoisolating or 
encasing the cells within a selectively permeable 


polymeric membrane.'™* The selective membrane barrier 
admits oxygen and required nutrients and releases 
bioactive cell secretions, but restricts passage of larger 
cytotoxic agents from the host immune system. 
Immunoisolation eliminates the need for chronic 
immunosuppression and allows the cells to be obtained 
from human or nonhuman sources, thus avoiding the cell 
sourcing constraints that limit the clinical application of 
unencapsulated cell transplants. 


SOURCES OF XENOGENIC HEPATOCYTES 


There are 2 sources of pig hepatocytes, one from neonates 
and other from adult pigs. Maintaining and proliferating 
neonatal hepatocytes has many practical advantages such 
as 

* Pig liver cells, isolated by enzymatic digestion, were 
maintained in vitro for 3 weeks while the adult derived 
hepatocytes are difficult to culture.>!? The survival 
of adult hepatocytes declines precipitously after 3 days 
in culture with virtually no surviving cells after 7 days. 

* It provides time to determine cell viability, 
morphology, phenotype, and functions such as 
secreting albumin and factor VIII. 

* It allows time for microbial, bacterial, and virologic 
testing without the need to cryopreserve the cells. 
Within the timeframe of the current studies, cells from 
the same herd of animals have been shown to be free 
of viruses including pig cytomegalovirus (PCMV), pig 
lymphotropic herpesvirus (PLHV), and pig circovirus 
(PCV).3 

* Maintaining liver cells in vitro provides the 
opportunity to proliferate the cells prior to transplanta- 
tion. Whereas in vitro hepatocyte proliferation would 
have obvious benefits, it has been difficult to achieve. 


Disadvantages of Pig Hepatocyte Transplantation^? 


* Malignant cell lines such as the hepatoblastoma- 
derived HepG2 carry the risk of inducing hepatic 
cancer and their altered metabolic phenotype makes 
them unsuitable for restoring many liver functions. 

* SV40 T-antigen immortalized hepatocytes also carry 
a potential for increased malignant transformation. 

* Possibility of transmitting infectious agents such as 
PERV to the recipient. 


XENOPERFUSION 

Xenoperfusion” via the liver of a pig was first proposed 
in 1965 by Eiseman et al. (Denver, USA)/* 1 month after 
Sen et al. (Mumbai, India) reported the use of 
extracorporeal liver perfusion using human livers to treat 
five patients. Hume et al. (Richmond, USA) in 1967 
first tested cross circulation between the arm of a woman 


in deep hepatic coma and the leg of a 35-pound baboon, 
for clearing the human blood.* After 12 hour, the patient 
had excreted about 5 | of fluid through the baboon's 
kidney and regained consciousness. 22 days later the 
patient went home, and the baboon was alive and healthy. 
Several successful similar studies reported later.5*4? 

Extracorporeal xenogeneic liver perfusion has been 
regularly used in the treatment of hepatic 
encephalopathy! but, because of the success of liver 
transplantation, this procedure was abandoned in the 
1980s. Later, it was again used to support patients with 
fulminant hepatic failure and patients awaiting liver 
transplantation.® In spite of the interest elicited by this 
technique, which has been considered to be successful,* 
à recent and exhaustive retrospective study showed that 
long-term survival does not exceed that observed with 
conventional intensive care.5* 

In 2000, Levy et al. (Dallas, TX, USA) reported the first 
two successful extracorporeal hepatic supports with 
transgenic (RDAF /hCD59) porcine livers used as a bridge 
to human liver transplantation. The first patient was 
a 17-year old man with idiopathic acute hepatic failure; 
he was perfused for 6.5 hour, until the arrival of a human 
liver. During the perfusion, the porcine liver produced 
115 ml of bile. The 2nd patient was an 18-year-old woman 
with Wilson's disease who was perfused for 10 hour; the 
porcine liver produced 270 ml of bile. In both cases, 
successful allotransplantation ensued, with excellent graft 
function and patients in good health. 


PUBLIC OPINION ABOUT XENOTRANSPLANTATION 


There was no overwhelming support for xenotransplan- 
tation, but over time it seemed as if lower proportions 
oppose it. Proportional differences in support and 
opposition between geographical regions remain. 
Opinions to xenotransplantation depend on many socio- 
economic factors. The influence of gender, education and 
religion on opinions about xenotransplantation was 
similar as to what is usually the case with other related 
issues, like the use of animals in biomedical research and 
other biotechnology / genetic engineering applications.” 
The attitude toward xenotransplantation is not as 
favorable among hospital personnel as it is in the general 
public.$ However, the level of acceptance of a transplant 
organ from an animal among the general population 
varies between 40 and 79%.6%72 
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(C) STEM CELL TRANSPLANTATION 


A stem cell is an undifferentiated cell capable of renewing 
itself throughout its life and of generating one or more 
types of differentiated cells. While Embryonic stem cells 
(ESCs) are the only ones to be totipotential, adult tissues 
with high cellular turnover (e.g. skin, gut mucosa and 
bone marrow) retain a population of stem cells with 
restricted differentiation potential that constantly supply 
the tissue with new cells. ESCs hold much promise in 
the future. Circulating hematopoietic stem cells (HSCs) 
contribute to the repair of solid organs, like the liver, 
offering promise in the future. Stem cells within the adult 
hematopoietic system could potentially be clinically 
useful to generate hepatocytes to replace damaged or 
deficient liver tissue. 


ROUTE OF IMPLANTATION 


* Local (direct vascular delivery) 
* Peripheral (injection in a peripheral vein) 

Peterson et al. first reported that rodent bone marrow 
cells were able to give rise to oval cells and hepatocytes 
upon transplantation into lethally irradiated rats.’ Later 
Wang et al.? showed that the human hematopoietic stem 
cell (HSCs) and progenitor cell populations had the 
capacity to generate cells within the recipient liver to 
synthesize and secrete human albumin into the sera of 
mice after transplantation. Esch et al. reported that portal 
administration of autologous CDj33. HSCs accelerated 
liver regeneration.? Lagasse et al* and by Wager's et al 
have demonstrated the plasticity of hematopoietic stem 
cells to differentiate into hepatocytes. In another study, 
Sakaida etal. have demonstrated that bone- marrow stem 
cell transplantation reduced fibrosis in chemically 
induced liver cirrhosis. From a therapeutic point of view, 
chronic liver cirrhosis is one of the targets where bone 
marrow cell transplantation might be employed. In this 
condition, there is excessive deposition of extracellular 
matrix and hepatocytes necrosis. 

In two recently published studies, Gordon et al.5 and 
Terai et al? evaluated the effects of CDs. hematopoietic 
stem cell intrahepatic injection and whole bone marrow 
peripheral infusion in five and nine patients with liver 
cirrhosis, respectively. After examining the results, the 
authors concluded that bone marrow stem cells are able 
toimprove the residual liver function in cirrhotic patients. 
Inthe study by Gordon etal., a decrease in serum bilirubin 
and an improvement in serum albumin were observed 
in three and four of the five patients, respectively, with 
the disappearance of ascites observed in one patient. In 


the study by Terai et al., significant increases in albumin 
and total protein level and an improvement of the Child- 
Pugh score were observed in all of the nine patients, and 
a reduction in ascites was observed in six patients. 
Recently Khan et al. reported that autologous bone 
marrow stem cell transplantation through the hepatic 
artery is a safe and effective procedure. 


AUTOLOGOUS BONE MARROW STEM CELLS 


Indication for autologous bone marrow stem cell 
transplantation is chronic hepatic failure with abnormal 
serum albumin, bilirubin, AST, PT, which are unsuitable 
for LTX. 


CONTRAINDICATIONS* 

Active infection 

Serum creatinine concentrations >1.5 mg/dl 
Spontaneous bacterial peritonitis 

Recurrent gastrointestinal bleeding 

Liver tumors or past history of other cancers. 
Hepatopulmonary diseases 

Pregnancy or lactation. 


PROCEDURE* 

Bone Marrow Aspiration and Isolation of CD34. Cells 
After 5 days of granulocyte colony-stimulating factor 
(G-CSF-300 ug/ml) injections, 100 ml of bone marrow is 
aspirated from iliac crest. After the collection, stem cells 
were enriched from the bone marrow using standard 
procedures. The viability of the cells was examined using 
the trypan blue dye exclusion test. The cells were 
constituted in 10 ml of normal saline. 


Flow Cytometric Analysis 

Isolated bone marrow cells (1X104/ml) were labeled with 
primary antibody (CDs;) as per the standard protocol. 
Then phycoerythrin conjugated secondary antibody was 
labeled with unconjugated primary antibody. Stained 
cells were analyzed on a FACS Calibur flow cytometer 
to count the percentage of CDs,. cells. 


Infusion of Cells 

Infusion of cells to the patient is done under local 
anesthesia via femoral arterial access. After evaluation 
of visceral arterial anatomy by angiography, selective 
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catheterization of the hepatic artery is performed with 
a 6Fr. guiding catheter. Through the guiding catheter a 
3 to 4mm balloon catheter was negotiated over the guide 
wire into the hepatic artery. The cells were infused 
through the distal lumen of the inflated catheter at the 
rate of 1 ml/min. Possible adverse effects are fever, chills, 
chest pain(cardiac ischemia), increase in ascites and renal 
failure. Patients are followed up regularly with routine 
LFTs, RFTs and hyaluronic acid assay by ELISA. 
Hyaluronic acid levels are directly proportional to the 
degree of fibrosis in the liver. 


HUMAN CORD BLOOD STEM CELLS 


The isolation of Hemopoietic stem cells (HSCs) and 
Mesenchymal stem cells (MSCs) from cord blood is a 
relatively new procedure and only few studies have been 
published.*"° Cord blood contains different populations 
of embryonic like and other pluripotential stem cells 
capable of originating hematopoietic, epithelial, 
endothelial, and neural tissues both in vitro and in vivo. 
Cord blood cells have many advantages as a transplan- 
table source of stem/progenitor cells, because of their 
immaturity and availability. Several studies showed that 
cord blood cells give rise to hepatocyte like cells (HLCs) 
after transplantation into an injured liver.!i-? None of 
these studies are in human population. 

Procedure in the earlier animals studies involves the 
collection of cord blood samples from full-term deliveries 
with prior informed consent followed by processing of 
these cells. Cell transplantation NOD/SCID mice is 
performed. Detection of cord blood derived hepatocyte 
like cells in the recipient mouse livers immunohistological 
analysis and reverse transcriptase-polymerase chain 
reaction (RT-PCR) analysis. 

Saez-Lara et al. transplanted CD3,, HSCs derived 
from human cord blood into rats with liver cirrhosis 
without achieving a significant rate of engraftment, as 
GFP-positive cells were clearly eliminated. By contrast, 
low-density mononuclear cells obtained from human cord 
blood transplanted in utero in fetal rats generated 
functional hepatocytes that persisted in the fetal recipient 
liver at least 6 months after birth. This humanized animal 
model provides a very interesting approach to in vivo 
investigation of human cord blood stem cell differentia- 
tion into hepatocytes. 

Hong et al. described the ability of human umbilical 
cord blood MSCs (CD;,.) to differentiate into hepatocytes 
when cultured in prohepatogenic conditions. Recently, 
Campard et al.!7 demonstrated that human cord matrix 
stem cells cultured with growth factors show hepatocyte 
characteristics like cytochrome P450-34A expression, 
glycogen storage and urea production. In addition, when 


transplanted into hepatectomized immune-deficient mice, 
small clusters of human cells expressing albumin and a- 
fetoprotein appear, thereby demonstrating the good 
engraftment and differentiation capacity of the 
transplanted cells.!5 

Placenta is another potential source of stem cells. 
Placenta-derived stem cells (PDSCs) are fibroblast-like 
cells that attach to a plastic surface. They can be expanded 
for more than 20 population doublings and induced to 
differentiate into cells of various mesenchymal tissues. 
Chien et al. recently cultivated PDSCs derived from 
human placenta in hepatic differentiation media, and 
obtained cells with hepatocyte morphology expressing 
specific hepatocyte functions. 


EMBRYONIC STEM CELLS 


Use of human embryonic stem cells (ESCs) is currently 
limited to in vitro and animal studies:?7 
* Huge proliferative and differentiation potential of 

ESCs 
* Major ethical concerns. 

Effective protocols are needed not only to promote 
ESCs differentiation into hepatocytes, but also to 
determine the expression of hepatic functions such as 
albumin secretion, indocyanine green uptake and release, 
glycogen storage and p450 metabolism.” Cytokines and 
growth factors such as hepatocyte growth factor (HGF) 
and Fibroblast growth factor (FGF) have been shown to 
promote ESCs differentiation and growth.?! In addition, 
it has been demonstrated that sodium butyrate, a non- 
proteinaceous compound, supports the action of these 
factors.?? 

Hay et al.? developed a multistage system in which 
HGF was used without the requirement of sodium 
butyrate, and human ESCs differentiated into hepatocyte- 
like cells without embryoid body formation. Use of an 
extracellular synthetic or natural matrix can be relevant, 
as shown by Ishizaka et al.*4 in a three-dimensional 
system in which hepatocytes developed from mouse ESCs 
transfected with the hepatocyte nuclear factor-3 beta on 
a 3-D matrix scaffold. 3-D matrix scaffolds have been 
reported to be superior to the more commonly used 2- 
D monolayer culture in inducing differentiation into 
hepatocytes. 

The other effective way to obtain hepatic 
differentiation is genetic modulation. This can be achieved 
by transfecting stem cells with recombinant DNA 
encoding for hepatospecific proteins. Adding collagen, 
appropriate cytokines and growth factors has an 
important effect on hepatocyte differentiation. Agarwal 
et al.% reported a new differentiation protocol for the 
generation of high-purity (70%) hepatocyte cultures: the 


differentiation process was largely uniform, with cell 
cultures progressively expressing increasing numbers of 
hepatic lineage markers and functional hepatic 
characteristics. When transplanted in mice with acute 
liver injury, the human ESCs derived endoderm 
differentiated into hepatocytes and repopulated the 
damaged liver. 
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Ascites (Greek word Askos means bag) is defined as the 
pathological accumulation of fluid in the peritoneal 
cavity. Ascites is seen in nearly 50% of long standing 
compensated cirrhosis patients and is the most common 
complication in cirrhosis. It increases the complications 
of cirrhosis like increased risk of spontaneous bacterial 
peritonitis and renal failure.! Survival rate in cirrhosis 
patients is approximately 50% in 2-5 years? 


ETIOLOGY OF ASCITES 


Etiology 


a. High serum-ascitic fluid albumin gradient (Transudate):** 
Cirrhosis-81% (alcoholic 65%, viral 10%, cryptogenic 6%) 
Heart failure-3% 

Constrictive pericarditis 
Kwashiorkor 
Budd-Chiari syndrome/veno-occlusive disease 
b. Low serum-ascitic fluid albumin gradient (Exudate): 
Malignancy (primary/secondary)-10% 
Nephrotic syndrome 
Tuberculosis-2% 
Pancreatitis-1% 
Serositis 
Hereditary angioedema 
Difference between exudate and transudate:* 


Parameters Exudate Transudate 

Protein High Low protein (<30 g/L) 
LDH High Low 

pH Low (<7.30) High (>7.30) 

Glucose Low Normal 

WBC count More Less (1 WBC/1000 mm?) 


Ascites can be divided into 3 grades according to severity:'* 
Grade 1—Mild and detectable only on imaging studies 
Grade 2—Moderate, manifested by symmetrical distension of 
abdomen 

Grade 3—Large or gross with massive abdominal distension 


SIGNS AND SYMPTOMS 


Abdominal distension, discomfort, shortness of breath 
due to mechanical impingement on the diaphragm, 
decreased food intake, malnutrition, decreased quality 
of life and death. On examination visible bulging of the 
flanks, shifting dullness and fluid thrill. Other signs of 
ascites in cirrhosis patients with portal hypertension are 
pedal edema, gynecomastia, hematemesis and 
encephalopathy. 


PATHOPHYSIOLOGY OF ASCITES IN CIRRHOSIS 
PATIENTS WITH PORTAL HYPERTENSION 


Ascitic fluid accumulates in cirrhosis patients as a 
transudate which is the result of increased portal pressure 
(>8 mm Hg, usually around 20 mm Hg), e.g. due to 
cirrhosis, while exudates are actively secreted fluid due 
to inflammation or malignancy.® Portal hypertension 
plays an important role in the production of ascites by 
raising capillary hydrostatic pressure within the 
splanchnic bed. Sinusoidal portal hypertension is 
associated with a state of systemic arterial vasodilation. 
Increased nitric oxide activity is associated with arterial 
vasodilation.? Splanchnic arterial bed is particularly 


peripheral vasodilatation 


Na, water retention 


HRS 


Plasma volume expansion 


susceptible to vasodilation. Redistribution of the 
circulating blood volume to the dilated vascular beds 
decreases the effective circulating volume that initially 
is compensated for by increased cardiac output and a 
hyperdynamic circulatory state.510 

Irrespective of the etiology, sequestration of fluid 
within the abdomen leads to additional fluid retention 
by the kidneys due to stimulatory effect on blood pressure 
hormones, notably aldosterone. The sympathetic nervous 
system is also activated, and renin production is increased 
due to decreased perfusion of the kidney. These results 
in decreased renal plasma flow, GFR and severe Na~ 
retention and development of functional renal failure 
called hepatorenal syndrome (HRS).55 Water retention 
also results from hypersecretion of antidiuretic 
hormone.!?!! When the water retention exceeds Na* 
retention, hyponatremia develops. All of these 
mechanisms combine to cause Na and water retention. 
In cirrhosis patients the sinusoidal pressures increases 
leading to increased hepatic lymph production increases. 
Although this initially can be accommodated by increased 
thoracic duct flow, it eventually spills over from surface 
lymphatics to the peritoneal cavity when hepatic lymph 
production exceeds the ability to return the lymph to 
circulation by means of the thoracic duct, thus causing 
ascites. 
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Figure 49.1: Schematic presentation of pathophysiology of ascitess* 


INVESTIGATIONS IN CIRRHOSIS PATIENTS WITH 

ASCITES® 

* Complete hemogram 

* Liver function tests: Serum bilirubin (direct and total), 
AST, ALT, alkaline phosphatase, serum albumin 

* Coagulation profile: PT, APTT, INR 

* Renalfunction: Blood Urea, Serum creatinine, 24 hour 
urinary sodium and protein 

* Electrolytes: Sodium, potassium. 

e Ascitic fluid analysis: Cell count, bacterial culture and 
sensitivity, glucose, albumin, total protein, Gram's 
stain for AFB, LDH level, amylase level 

* Upper GI endoscopy 

© USG of abdomen or CT scan 


TREATMENT OF ASCITES 
Aim of Treatment. 


* Improve sodium balance 
* Enhance free water clearance 
* Treat the underlying cause (liver disease) 


General Measures 


* Bed rest improves sodium excretion and response to 
diuretics.'? 


* Sodium and fluid restriction: 

- Restricting sodium intake to 60 to 90 mEq/d, (salt 
1.5 to 2.0 gm/day)..? 

- Fluid restriction to 1 liter/24 hours is helpful in 
patients with dilutional hyponatremia. Dilutional 
hyponatremia occurs due to water retention 
secondary to decreased effective intravascular 
volume and high levels of antidiuretic hormone. It 
is diagnosed by serum sodium level of less than 
130 mEq/L in the presence of ascites and pedal 
edema.'* 


Drugs 
Diuretics: 


Aldosterone antagonists (Spironolactone) is commonly 
used diuretic, which blocks the effects of aldosterone. 
Dose of spironolactone: 100-400 mg/day.!51* Diuretic 
effect of this drug is seen after 48 hours.! Peak effects 
may be delayed till 7 to 10 days and dose adjustments 
should not be made earlier than a week." Side effects 
are painful gynecomastia, hyperkalemia and suboptimal 
diuresis. Addition of a loop diuretic (furosemide) has a 
synergistic effect with spironolactone and decreases the 
risk of hyperkalemia.!515 

Amiloride, a distal diuretic and is not associated with 
gynecomastia. Dose 5-30 mg/day. It is faster acting than 
spironolactone but has a relatively weaker diuretic action 
and is more expensive.’ 

Loop diuretics (furosemide) are very effective and fast 
acting. Dose of furosemide: 40-60 mg/day.'* Diuretic 
effect of furosemide appears within 30 minutes, peaks 
at 1 to 2 hours, and wears off by 3 to 4 hours.2? They 
act by inhibiting active chloride reabsorption in the 
ascending limb of the loop of Henle, thereby increasing, 
the amount of Na, Cl, and water delivered to the distal 
tubule. Limitations of loop diuretics as a single agent are 
that, all the sodium delivered to the distal tubule is 
reabsorbed because of the unopposed action of 
aldosterone." If an aldosterone antagonist is administered 
simultaneously, reabsorption of Na* load to the distal 
tubule is blocked, thereby producing a marked 
natriuresis. Side effects of furosemide are hypokalemia, 
hyponatremia, dehydration, azotemia and hepatic 
encephalopathy.?'2? Furosemide increases renal 
ammonia production and adds to the risk of development 
of hepatic encephalopathy in the presence of electrolyte 
disturbances. 

Grade I ascites can be easily controlled with diuretics 
and sodium restriction. But grade II and III are difficult 
to control. Spironolactone is the diuretic of choice, as it 
achieves a negative sodium balance by enhancing sodium 
excretion. The recommended initial dose is either 
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spironolactone 100 to 200 mg/day. Combination therapy 
with frusemide is usually preferred. Initially, furosemide 
is added in low doses of 20 to 40 mg/day to enhance 
natriuresis, especially in the presence of peripheral 
edema.® Best combination of drugs for control of ascites 
is furosemide and spironolactone may be used in the ratio 
of 40:100 mg/day. This will have a good natriuretic and 
diuretic action and avoids potassium imbalance.**5 The 
maximal dose of spironolactone is usually 400 mg/day, 
and that of furosemide is 160 mg/day. In nonazotemic 
subjects with moderate ascites, spironolactone 
monotherapy is as effective as combination therapy.?° 
Response to diuretic treatment is assessed by the changes 
in clinical condition and body weight. The recommended 
weight loss in patients with or without peripheral edema 
is 800 to 1000 gm /day and 300 to 500 g/day, respectively. 
Urinary sodium excretion measurement is necessary 
when there is not adequate response to diuretic therapy. 
As only 10 mEq/d of sodium is lost by nonurinary 
sources, urinary sodium excretion should be greater than 
Na intake. If the urinary sodium excretion is more than 
the sodium intake in a patient with a poor diuretic 
response, compliance with the low sodium diet should 
be questioned. If the urine Na* is very low in a patient 
who is compliant with Na* restriction but has worsening 
ascites, an increase in diuretic dose is often helpful in 
inducing a natriuresis, unless overt renal failure already 
has set in. Urine Na* measurement helps in dose 
modification.'> 

Dilutional hyponatremia in cirrhosis is associated with 
a poor survival.” Volume restriction is the treatment but 
it may worsen renal function and is therefore 
suboptimal.’ Vasopressin receptor 2 antagonists improve 
free water clearance, serum sodium levels, and 
commonality, and decrease the urine osmolarity.2929 
Central opioid receptor agonists such as niravoline also 
have been used to decrease the hypothalamic release of 
vasopressin and thus improve water excretion. 
Aggressive treatment with diuretics leads to 
complications such as renal failure, electrolyte dis- 
turbances, hepatic dysfunction and hepatic 
encephalopathy. Free water clearance and GFR are 
decreased only mildly in most of these cases. The best 
approach in this situation is administration of 
antimineralocorticoids, because secondary hyperaldo- 
steronism is responsible for sodium retention from the 
distal tubules and the collecting ducts. 


Refractory ascites: It is defined as diuretic-resistant when 
there is a lack of response to the maximal permissible 
dose of diuretics (400 mg of spironolactone and 160 mg 
of furosemide), or diuretic-intractable when there is 
inability to reach the maximal dose of diuretics because 
of adverse effects such as hepatic encephalopathy, 


Inadequate gee 


Na* compliance +ve 
T dose of diuretics 


LVP + Albumin. 

infusion, followed 

by diuretics, Na* 
me 


Repeated LVP + Albumin/TIPS 


Figure 49.2: Schematic presentation of treatment of ascites in cirrhotic patients 


hyponatremia, hypokalemia, or renal insufficiency.® 
Incidence of refractory ascites is 5-10% and it has a poor 
prognosis with increased rate of complications like SBP 
and HRS.” 


Large Volume Paracentesis (LVP) 
It is defined as draining of about > 5 liters of ascitic fluid. 


LVP: Indications 
Tense ascites 
* Respiratory distress 
* Poor response to medical therapy 
* Impending rupture of an umbilical hernia 


20% cases will develop post-paracentesis circulatory 
dysfunction (PPCD), characterized by the development 
of worsened hyponatremia and increased catecholamine 
levels and renin activity after LVP?!3* after 24-48 hours 
resulting in increased risk of renal failure and mortality 
up to 30 days after the LVP.?!2? Treatment of PPCD: 
Albumin, intravenously at a dose of 6 to 8 g for each liter 
of ascites removed.?? Albumin is superior to polygeline, 
or dextran70 for volume expansion and preventing 
PPCD.2'? Albumin infusion is not required when less 


than 4 to 5 L of ascites are removed. Total paracentesis, 
involving the drainage of all of the ascites, can be 
performed safely when albumin is infused.353742 


Complications of Paracentesis*54!.43 


Local infection 

Intestinal perforation 

Local bleeding 

Leak from the tap site 

Compared with diuretic alone, LVP controls the ascites 
more rapidly and effectively than medical treatment and 
decreases the hospital stay with less complication 
rates.**4! But ascites recurs in 93% patients within 4 weeks 
without any medication. So diuretic therapy is required 
to prevent or delay reaccumulation of ascites after LVP.*> 


Volume Expansion 


Intravenous infusion of albumin improves the effective 
arterial volume and renal perfusion. Diuretics have a 
better response if combined with weekly albumin 
administration (25 g/week).##*5 The combination also 
shortens the hospital stay, decreases the probability of 
reaccumulation of ascites, and reduces the likelihood of 
readmission, but without any survival benefit.##° 


Aquaretic Agents 


Aquaretic agents are now found to be useful in the 

treatment of dilutional hyponatremia in cirrhosis patients 

with ascites. Mechanism of action: Enhance water 

clearance by antagonizing the effect of vasopressin in 2 

different ways:23046 

* Suppression of hypothalamic secretion of vasopressin 
with agonists of opioid k receptors has neurological 
side effects. 

* Selectively blocking V2 receptors in the renal collecting 
tubules in the renal collecting tubule by VPA-985, 
however, improved free water clearance and serum 
sodium levels. 


Role of Shunts 


* Surgical shunts (rarely used) 
* Nonsurgical shunts: TIPS 

TIPS is created between the hepatic vein and an 
intrahepatic portal vein branch via jugular approach by 
deployment of a metallic stent. Stenosis and occlusion 
is a common problem in 40 to 75% of TIPS at 6 months 
to 1 year3? But the recent use of polytetra- 
fluoroethylene-coated stents (e-PTFE) has further reduced 
the rate of TIPS stenosis." TIPS take several weeks to 
control the ascites and are better than the LVP as it 
prevents the re-accumulation of ascites without any 
improvement in survival?! Now a days it is used in 
patients who are on the waiting list in order to avoid 
undue complications of portal hypertension and to bridge 
the long waiting time due to organ shortage. TIPS acts 
by increasing the venous return to the heart from the 
splanchnic bed resulting in an increase in cardiac output. 
It can precipitate cardiac failure in patients with 
compromised cardiac function.* Improvement in 
effective hypervolumia results in an improvement in renal 
perfusion and decreased renal Na* reabsorption in the 
proximal tubules? Decreased Na* reabsorption produces 
a natriuresis, helps to control sodium retention and 
ascites.” Mortality rate at 3 months is significant 
following TIPS.556 Hence it should be used selectively. 
Hepatic encephalopathy is seen in 30% of patients.?^* 


Contraindications of TIPS5*56 


* Bilirubin level > 3 mg/dL 
* PT > 20 seconds 
* Serum creatinine > 2 mg/dL 


Treatment of Refractory Ascites 


Therapeutic options for managing refractory ascites 
include repeated LVP or TIPS.***! Repeated LVP and 
administration albumin for volume expansionare the first 


line of therapy for refractory ascites. Diuretics should be 
continued as tolerated and should be stopped if there are 
complications or inadequate natriuresis (less than 
30mEq/d).5 Unfortunately, ascites recur inmost subjects, 
necessitating repeated LVP. On the other hand, TIPS 
effectively controls ascites and prevents the reaccumula- 
tion, because it corrects portal hypertension, which is the 
basic abnormality leading to ascites.? TIPS should not be 
consideredasatreatmenttoimprovesurvival. TIPSshould 
be used in subjects who repeatedly fail LVP and have 
relatively preserved liver functions. 


Liver Transplantation 


Liver transplantation provides definitive treatment for 
ESLD with ascites.9 It improves the survival and quality 
of life. Any cirrhotic patient with ascites is a potential 
candidate for liver transplantation as ascites is associated 
with poor long term survival (30 to 40% survival at 5 
years) and they should be thoroughly evaluated for liver 
transplantation.’ MELD score is used widely to evaluate 
the prognosis of cirrhosis patients. Presence of SBP and 
HRS adds to the morbidity and mortality after 
transplantation. 
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ANATOMY OF THE PORTAL VENOUS SYSTEM 


Understanding the anatomy of portal venous system is 
very important in the management of variceal bleeding. 
Portal vein is formed behind the neck of the pancreas by 
the confluence of the SMV, which drains blood vessels 
perfusing the small bowel, and the splenic vein. Short 
gastric veins, which drain the gastric fundus, enter the 
spleen above the origin of the splenic vein. Left gastric 
vein (coronary vein) enters the portal venous system 
withina few centimeters from the confluence through the 
splenic vein or the portal vein itself. Portal flow in normal 
personis approximately 1 to 1.2 1/min with a low pressure 
of about 7 mm Hg. It constitutes two thirds of the hepatic 
blood flow and provides 30 to 60% of oxygen consumed 
by the liver. Blood vessels around gastroesophageal 
junction drain into the azygos vein before returning to 
the systemic circulation. The normal azygos venous blood 
flow is around 150 to 200 ml/min. Gastroesophageal 
varices arise from the lower esophagus and the cardiac 
end of the stomach. 


FOUR ZONES OF ESOPHAGOGASTRIC JUNCTION 


Vianna, et al,! divided the vasculature of esophagogastric 
(EG) junction into 4 zones basing on the radiologic 
imaging and corrosion casting study. 
Gastric zone: It is located just below the EG junction, 
identified by longitudinal veins draining into the short 
gastric and left gastric veins. 

* Palisade zone: It extends 2 to 3 cm above the gastric 
zone and consists of uniformly distributed parallel 
veins running in four groups with multiple 
anastomoses lying in the lamina propria. Each of these 
groups corresponds to one esophageal mucosal fold. 
Blood flows in both caudal and cephalad directions 
in this zone depending on pressure above and below 
this level. 

* Perforating zone: It lies above the palisade zone. It has 
lost the longitudinal structure but features venules 
penetrating through the muscle wall of the esophagus 
linking the submucosal vessels to the extra esophageal 
vessels. 

* Truncal zone: It lies above the perforating zone. It 
consists of longitudinal veins and occasional 
perforating veins penetrating at irregular intervals. 


PORTAL HYPERTENSION 


Portal hypertension is a common clinical syndrome, 
which is hemodynamically defined by a pathological 
increase of the portal pressure gradient (the pressure 
difference between the portal vein and the IVC) and by 
the formation of portosystemic collaterals that shunt part 
of the portal blood flow to the systemic circulation 
bypassing the liver? 

Normal values of the portal pressure gradient are of 
1-5 mm Hg. Clinically significant portal hypertension is 
diagnosed when clinical manifestations of the disease 
appear or when portal pressure gradient or in case of 
cirrhosis determined by its equivalent, the hepatic venous 
pressure gradient (HVPG)? exceeds a threshold value of 
10-12 mm of Hg. Values of portal pressure gradient 
between 5 and 9 mm Hg correspond to preclinical portal 
hypertension.*? Cirrhosis of the liver determines about 
90% of cases of portal hypertension. Other causes of portal 
hypertension account for approximately 10% of cases 
worldwide, which explains why these are frequently 
referred to as non-cirrhotic portal hypertension. 


Causes of portal hypertension*57 
Prehepatic 
* Portal vein thrombosis (most common prehepatic cause) 
— Umbilical sepsis (most common cause in children) 
= Thrombophilic syndromes 
- congenital (protein C and S deficiency) 
- acquired (latent myeloproliferative disease) 
— Other factors 
- Sepsis 
- Abdominal trauma 
- Post surgical 
* Splenic vein thrombosis 
* Congenital stenosis/external compression of portal vein 
* Arteriovenous fistulae 


Hepatic 
Cirrhosis (most common cause-90% cases) 
Idiopathic portal hypertension 
Acute fatty liver of pregnancy 
Hepatitis: viral/alcoholic/chronic active hepatitis 
Hepatocellular carcinoma 
Granulomatous diseases 
— Tuberculosis 
— Sarcoidosis 
— Schistosomiasis 
Hematological liver diseases 
Polycystic liver disease 
Nodular regenerative hyperplasia 
Congenital hepatic fibrosis 
Veno-occlusive diseases of liver 


* Peliosis hepatis 
* Hypervitaminosis A 
* Metals and chemicals 
— Arsenic, copper sulfate 
— Vinyl chloride poisoning 
— Cyanamide toxicity 
* Mastocytosis 
* Rendu-Osler-Weber syndrome 


Posthepatic 
* Budd-Chiari syndrome (most common cause) 
* Congenital malformations of IVC 
* IVC thrombosis 
* Constrictive pericarditis 
* Tricuspid valvular diseases 


Intrahepatic causes of portal hypertension can be 
classified according to the results of hepatic vein 
catheterization, such as?5" 

e Presinusoidal PH: Normal wedged and free hepatic 
venous pressure (WHVP and FHVP); 

* Sinusoidal PH: Increased WHVP and normal FHVP; 

* Postsinusoidal PH: Increased WHVP and FHVP. 

(WHVP, wedged hepatic venous pressure; FHVP, free 

hepatic venous pressure). 


PATHOPHYSIOLOGY OF ESOPHAGEAL VARICES 


Esophageal varices (EV) are the tortuous dilated venous 
plexus in the lamina propria of the lower esophagus. In 
cirrhosis, portal pressure increases as a result of distorted 
architecture of the liver due to fibrosis, regenerative 
nodule formation and intrahepatic vasoconstriction (due 
to decreased nitric oxide). When hepatic venous 
pressure gradient (HVPG) is 210-12 mmHg, it causes 
dilation and high pressures in the periesophageal veins, 
rendering the valves in the perforating veins incompetent 
and allowing retrograde flow into the deep intrinsic veins 
and its tributaries. The dilated deep intrinsic veins 
displace the superficial venous plexus and assume a 
subepithelial position forming the tortuous variceal 
columns in the esophageal lumen.!! The high-pressure 
dilated vessels in the perforating zone force blood to flow 
caudally into the palisade zone where these thin parallel 
vessels run within the mucosal fold in a longitudinal 
manner. Esophageal plexus in this region is more 
superficial and has poor connective tissue support. 
Commonly the palisade zone is the most common site 
of bleeding. Varices at the perforating and truncal zones 
are connected to periesophageal varices by the 
perforators. It has been suggested that these perforators 
are the cause of failed endoscopic treatment and early 
recurrence of varices after endoscopic therapy.!?* 
Gastroesophageal varices (GV) are present in 50% of 
cirrhotic patients and in up to 70% of those with 
decompensated cirrhosis.!^ In patients with large varices, 


the risk for hemorrhage is at least 30% within the first 
2 years of diagnosis. Variceal hemorrhage has a 
mortality of at least 20% at 6 weeks, despite improvements 
in therapy.!52? 


SURVEILLANCE POLICY 


Routine universal screening for EV is recommended 
because the development of varices cannot be prevented 
with medical treatment?! Only patients with medium or 
large gastroesophageal varices get the benefit of 
prophylactic treatment. For subjecting the patients for 
endoscopic screening, diagnosis of cirrhosis with portal 
hypertension must be established. Clinical signs and 
symptoms along with proven laboratory investigations 
including liver function tests, coagulation profile and 
abdominal imaging such as abdominal USG and CT scan 
will establish the diagnosis.* In case of doubtful 
diagnosis, liver biopsy should be considered. Practice 
guidelines recommend that all patients with cirrhosis 
should have endoscopic screening for esophageal 
varices? because there is no noninvasive way to assess 
their presence reliably.?* 

Portal hypertension is a progressive condition and rate 
of esophageal varices formation is approximately 7% per 
year in cirrhosis patients and even higher in 
decompensated cirrhotic patients.” Screening endoscopy 
should be repeated performed once in every 1 to 2 years 
in case of small varices, once every 2 to 3 years in those 
who have no varices, and yearly in patients who have 
decompensated cirrhosis to monitor the formation and 
progression of varices. 


PROPHYLACTIC TREATMENT 


Patients without any EVs, recent data do not support the 
use of prophylactic medical treatment.?! A reduction of 
>10% of hepatic venous pressure gradient (HVPG) 


| Algorithm for surveillance of esophageal varices in cirrhosis 
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First endoscopy 


Small 
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Repeat Repeat endoscopy 
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ist episode of EV bleeding 


endoscopy 
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Figure 49.3: Surveillance for esophageal varices? 5s 


significantly decreases the development of varices and 
risk for bleeding.?'77 Reduction of HVPG to < 12 mm Hg 
eliminates the risk for hemorrhage and improves the 
survival rate. 


Small EVs 


No routine prophylaxis recommended except in few 
studies which showed that prophylactic treatment has 
a role in preventing them. Presence of red wale signf 
and ESLD is an indication for prophylaxis.5? Medium 
or large EVs (» 5 mm): Usually benefitted from 
prophylaxis and prevent first episode of variceal 
bleeding.?? In patients with large esophageal varices, 
nonselective f-adrenergic blockers (propranolol or 
nadolol) reduce the risk 1st episode of bleeding in from 
30 to 14% in 2 years.!? 


Role of B-blockers 


They reduce the portal pressure by decreasing the cardiac 
output (B; effect) and causing c-adrenergic-induced 
splanchnic vasoconstriction (fo effect), thereby reducing 
portal blood flow. Important side effect is bradycardia. 
Dose of nonselective B-blockers (propranolol, nadolol) is 
adjusted to keep the resting pulse rate at around 55/ 
minute. Carvedilol with non-selective o- and B-blocker 
activity can also be used. Duration of treatment is long 
for primary and secondary prophylaxis. Propranolol, 
nadolol and carvedilol can be used as monotherapy. Other 
drugs like nitrates further decrease the portal pressure. 
Combination therapy has more side effects and is not 
recommended 303! 


Endoscopic Variceal Ligation (EVL) 

It is a very useful tool in preventing first variceal bleeding 
even though there is no difference in the mortality rates 
in EVL and medical treatment.??3 EVL is indicated in 
patients who are intolerant to therapeutic doses of B- 
blockers (10-15%) or patients with contraindications to 
B-blockers. (15%) Combination therapy of EVL and B- 
blockers when compared with EVL did not show any 
difference in outcome. There is no role for endoscopic 
sclerotherapy, shunt surgery, or TIPS in the primary 
prophylaxis of variceal hemorrhage. 


Primary and secondary prophylaxis for 
esophageal varices 


Drug Maximum 

dose 

(mg/day) 

1. Propranolol 20 mg BID, oral; increase the dose 320 

2. Nadolol 40 mg BID, oral; increase the dose 160 

3. Carvedilol 6.25 mg BID, oral; increase the dose 50 

4. Isosorbide — 10-20 mg BID, oral; increase the dose 20-40 
mononitrate 


Isosorbide mononitrate is used in combination with B-blocker 


(Presented in a modified form with permission of Jaime Bosch*") 
(J Bosch, A Berzigotti, JC Garcia-Pagan, et al. The management 
of portal hypertension: Rational basis, available treatments and 
future options. J of Hepatology 2008;48:S68-S92). 


TREATMENT OF BLEEDING ESOPHAGEAL VARICES 
General Care 


Variceal hemorrhage is a life threatening complication 
in ESLD patients with portal hypertension. It presents 
with hematemesis or melena, and may be the first 
manifestation of cirrhosis in patients with previously 
unknown liver disease.” Spontaneous stoppage of 
bleeding is observed in upto 30-40% of patients. These 
patients should be admitted to an ICU for early 
resuscitation and management. Initial resuscitation 
includes care of airway, breathing and circulation. Access 
with a large TV cannula is important to infuse fluid and 
blood components to replace the volume loss. Volume 
expansion should be performed with care to prevent 
overexpansionf of the plasma volume can increase 
portal pressure and precipitate recurrent variceal 
bleeding.* Use of isotonic saline usually avoided as this 
can worsen or precipitate the formation of ascites or other 
extra vascular fluid accumulation. Blood volume 
resuscitation should be undertaken to maintain the 
hemoglobin around 8 gm/dl. Transfusion of fresh frozen 
plasma and platelets may be considered, in case of 
significant coagulopathy or thrombocytopenia.’ 

Endotracheal intubation may be required in case of 
aspiration of blood to protect the airway particularly in 
case of associated hepatic encephalopathy. Role of 
antibiotics is controversial. But studies have reported that 
use of prophylactic antibiotics decrease the risk for 
bacterial infections, reduces the risk for early rebleeding, 
and increases survival.**” Oral fluoroquinolones like 
norfloxacin 400 mg for 7 days is preferable. IV access may 
be used in case of patient not tolerating oral medication.” 
Reports suggest that IV ceftriaxone is more effective than 
is oral norfloxacin in preventing bacterial infections in 
EV bleeding.** Aminoglycosides are avoided due to 
nephrotoxicity.” 


Definitive Treatment 


Endoscopic treatment combined with medical treatment 
is the preferred approach.» First line treatment is to start 
vasoconstrictor group of drugs like terlipressin, 
somatostatin or somatostatin analogues (octreotide, 
vapreotide) before endoscopic procedure. They control 
bleeding by temporarily lowering the portal pressure due 
to splanchnic vasoconstriction.*° 


Endoscopic Treatment 

Endoscopic treatment is the gold standard in treatment 
of acute variceal bleeding.’ After hemodynamically 
stabilizing the patient, emergency therapeutic endoscopic 
procedure should be undertaken to control active 
hemorrhage and to prevent early rebleeding. EVL is the 
preferred endoscopic approach in controlling active 
hemorrhage from EVs and is associated with fewer 
complications, low rates of rebleeding, and low mortality 
rate.*142 Endoscopic sclerotherapy is preferred when 
banding is technically difficult due to obscure field due 
to hemorrhage. 


PHARMACOTHERAPY 

Terlipressin is a longer-acting vasopressin analogue. It 
is safe and effective in controlling acute variceal 
hemorrhage with less side effects and reduced mortality. 
The list of drugs used in treatment of esophageal varices 
is shown in the box below: 


Treatment of bleeding esophageal varices 
(duration of treatment: 2-5 days) 


Drug Dose 
1. Terlipressin IV; Bolus dose 2 mg/4 hour for 
24-48 hour then 
1 mg/4 hour 
2. Vasopressin- — VP-IV infusion, 0.4 units/min 
NTG: NTG-Percutaneous 20 mg 
3. Somatostatin IV; Bolus dose, 250 pg followed by 
later infusion 250-500 ug/h 
4. Octreotide IV; Bolus dose, 50 yg followed by 
later infusion 50 pgh 
5. Vapreotide IV; Bolus dose, 50 yg followed by 
later infusion 50 pgh 


(Abbreviation: IV-intravenous; VP-Vasopressin; 
ine) 


(Presented in a modified form with permission of Jaime Bosch?) 
(J Bosch, A Berzigotti, JC Garcia-Pagan, et al. The management 
of portal hypertension: Rational basis, available treatments and 
future options. J of Hepatology 2008;48:S68-S92). 


Role of TIPS 


Role of TIPS 10 to 20% patients with variceal hemorrhage 
will have uncontrolled hemorrhage or early rebleeding 


within 1-3 days which can be treated with repeated 
attempts of therapeutic endoscopy. TIPS remains the last 
option in case of failure all these measures.? TIPS 
effectively control bleeding by reducing the portal 
pressure. It acts as a side-to-side porto-caval shunt. 
Disadvantages of TIPS is worsening of encephalopathy 
in decompensated cirrhotic patients and occlusion of TIPS 
in 50-70% at the end of one year. But recent use of PTFE 
(polytetrafluoroethylene)-covered stents have improved 
primary and secondary TIPS patency rates and decreased 
the rates of stent occlusion and stenosis.+ 


Role of Balloon Tamponade 


Use of Sengstaken Blackmore tube is limited. It is a 
temporary method of variceal bleeding control in case 
of failure of endoscopic and pharmacologic therapies, but 
deflation of the balloon may lead to rebleeding, It can 
be used in a patient who has failed repeated endoscopy 
and waiting for TIPS and shunt surgery in emergency. 
Complication of tamponade is esophageal ulcerations due 
to pressure necrosis of the esophageal wall that can be 
lethal.*6 


Recurrent Variceal Hemorrhage 


Risk for recurrent variceal hemorrhage after an episode 
of 1st variceal hemorrhage is 50-60% in the first year.'* 
EVL and nonselective B-blocker (propranolol and nadolol) 
treatment reduces the rebleeding rates to around 15 to 
23% at 16 months.*°47 Lowest rebleeding rate is less in 
patients by reducing HVPG < 12 mm of Hg or > 20% 
from the baseline. 


Role of EVL 


Repeated EVL at an interval of 2-4 weeks may be required 
to prevent rebleeding. One study reported that repeated 
EVL once in every 2 months increases the possibility of 
eradication of EVs and decreases the recurrence of EVs.5$ 
Once complete eradication is achieved, patients should 
be kept under surveillance endoscopy for recurrent EVs, 
once in every 6 months-1 year depending upon the 
severity of chronic liver disease. 


Role of TIPS/Surgical Shunts 


In case of recurrent bleeding from EVs in spite of EVL 
and pharmacotherapy, decision should be taken to 
consider TIPS or shunt surgery (Distal splenorenal shunt 
preferred). Both the procedures have a similar rates of 
rebleeding, encephalopathy and mortality rates. Role 
of shunt surgery is declining in the control of recurrent 
variceal bleeding with the growing experience in TIPS 
placement by the interventional radiologist. TIPS is not 


Use of vasoactive agents and antibiotics ^ 


Endoscopy: 


; EVL or Sclerotherapy 


Figure 49.4: Algorithm for treatment of esophageal varices (Presented in a modified form with permission of Jaime Bosch)?" (J Bosch, 
A Berzigotti, JC Garcia-Pagan, et al. The management of portal hypertension: Rational basis, available treatments and future options. 


J of Hepatology 2008; 48:968-S92) 


a permanent treatment. Role of TIPS is to bridge the time 
gap between appearance of complications and liver 
transplantation. All these patients should be evaluated 
for liver transplantation. 


Administration of Recombinant Activated Factor VII 


Early control of bleeding is crucial and is a key factor 
influencing survival. Active bleeding at endoscopy is an 
independent prognostic factor of mortality. For this 
reason, new ways to optimize coagulation are currently 
under evaluation. Recombinant activated factor VII 
(rFVIIa) has been reported to achieve immediate control 
of bleeding in 100% (a total of eight) patients with 
refractory bleeding. A recent randomized controlled trial 
investigated the administration of rFVIla in addition to 
standard medical and endoscopic therapy. Exploratory 
analyses showed a beneficial effect of rFVIla for the 
control of bleeding in patients with variceal bleeding and 
impaired liver function (Child Pugh B and C).*! 
Hence rFVIla can be proposed in patients with 
refractory bleeding to avoid TIPS when this procedure 
is contra-indicated; rFVIla can also be used to stabilize 
patients before the TIPS procedure, although the ideal 
dosage of rFVIla for this purpose is not known. 


Gastric Varices 


Tn cirrhotic patients, gastric varices (GV) are an extension 

of esophageal varices and less prevalent (20%) than 

esophageal varices (30-70%).Gastric varices are classified 
commonly based on their relationship with esophageal 
varices as well as their location in the stomach. 

* Type 1 GV (GEVI): They extend along the lesser curve 
and are similar to esophageal varices. They are the 
most common type of GVs and treatment is same as 
for esophageal varices. 

* Type 2 GV (GEV2): They extend along the fundus and 
tend to be longer and more tortuous. 

Isolated GV (IGVs) occur in absence of esophageal 
varices; can be classified into 2 subgroups: Type 1 and 
Type 2 IGVs:956 
* Type IGVs (IGV1) are located in the fundus and tends 

to be tortuous and complex. 

* Type 2 IGVs (IGV2) are located in the body, antrum, 
or around the pylorus. 

Type 2 GV and Type I IGV (GEV2 and IGV1) constitute 
the fundal varices. There is limited literature available 
for treatment guidelines of fundal varices. No reported 
studies indicating role of pharmacotherapy in GV. 
Splenectomy is indicated in Type 1 IGV, if the etiology 


is splenic vein thrombosis.? GV bleeding is diagnosed on 
endoscopy as "snake skin" or "reticulated" appearance. 
Different treatment options are endoscopic sclerotherapy 
or band ligation or variceal obscuration with tissue 
adhesives like N-butyl-cyanoacrylate, isobutyl-2- 
cyanoacrylate and thrombin.5*55 Use of tissue adhesives 
and sclerotherapy are more favored in GV rather than 
banding. Role of TIPS or surgical shunts are rarely 
required for repeated episodes of bleeding GVs. D blockers 
can be used to prevent recurrent episodes of bleeding 
GVs? 
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Hepatorenal syndrome (HRS) is a functional renal failure 
occurring in the absence of parenchymal kidney disease, 
is the most frequent cause of renal dysfunction in patients 
who have cirrhosis,! but it occasionally occurs in patients 
who have alcoholic hepatitis or acute liver failure.! Acute 
renal injury is a common occurrence among patients with 
advanced liver failure. These patients are at increased 
risk due to prerenal factors such as diuretic use and typical 
causes of intravascular volume depletion such as diarrhea 
secondary to lactulose use.5 Furthermore, patients with 
advanced liver disease are at higher risk for the 
development of intrarenal causes, such as acute tubular 
necrosis (ischemia, nephrotoxins) and acute interstitial 
nephritis. Cirrhotic patients with ascites and marked 
sodium retention as well as dilutional hyponatremia and 
are at a high risk of developing HRS.’ Probability of 
developing HRS in cirrhotic patients is 18% at 1 year and 
increased to 39% at 5 years,’ The development of HRS 
portends a notably worse prognosis for patients who 
ultimately undergo orthotopic liver transplantation (5- 
year survival 60% vs. 68%), leading to increasingly 
complicated hospitalizations with associated morbidity 
and mortality! 

Despite the complications associated with kidney 
dysfunction among patients awaiting OLT, combined 
liver-kidney transplants are not routinely performed. The 
basis for this practice was the initial realization in 1969 
that transplanted cadaveric kidneys from patients with 
HRS were fully functional when transplanted into 
recipients. 5 Four years later, Iwatsuki, et al. observed that 
patients with HRS showed resolution of renal dysfunction 
after receiving a liver transplantation and do not develop 
subsequent chronic renal disease. More recently, in 1991, 
Gonwa, et al. noted significant improvement in kidney 
function for the majority of patients with HRS after LTX.!> 
Seu, et al. (1991) reported no significant difference in 
serum creatinine measurements at 24 weeks post- 
transplant between patients with and without HRS.!* 
They concluded that kidney transplantation should not 
be performed in patients with HRS, thus allowing organ 
allocation to a person would obtain a survival benefit from 
the renal transplant. 


PATHOGENESIS OF HRS AND ACTION OF 
VASOCONSTRICTOR DRUGS IN HRS 


Renal vasoconstriction is the main hemodynamic 
derangement that occurs in HRS during the late stage of 
cirrhosis.!78 Portal hypertension is the factor responsible 


for hemodynamic derangements and splanchnic arterial 
vasodilatation, due to production of nitric oxide as a 
consequence of endothelial stretching and possibly 
bacterial translocation.!* 


CHANGES IN LATE STAGE CIRRHOSIS WITH HRS 
* Changes in systemic arterial circulation 
* Increased portal pressure 
* Activation of systemic and renal vasoconstrictor factors 
that modulate renal circulation 
* Renal dysfunction without any histological damage 
in the kidneys 
Plasma accumulation in the splanchnic bed causes a 
compensatory response activation of systemic vaso- 
constrictor and antinatriuretic systems such as the renin- 
angiotensin-aldosterone system, the sympathetic nervous 
system, and arginine vasopressin (AVP) accounting for 
sodium and water retention as well as renal 
vasoconstriction as the kidney senses a relative 
hypovolemic state. Constant activation of vasoconstrictor 
factors on the kidney are compensated by renal 
vasodilators but with time circulating vasoconstrictors 
overcome the effect of renal vasodilators, leading to severe 
renal vasoconstriction and reduction in glomerular 
filtration rate.1521 
Bacterial infections worsen circulatory dysfunction and 
aggravate renal vasoconstriction.2?2? Recent studies 
suggest that the development of HRS occurs in the setting 
of a reduction in cardiac output, indicating that the 
progression of circulatory and renal dysfunction in 
cirrhosis is caused not only by splanchnic vasodilation 
but also by a reduction in cardiac output.252* 


CLINICAL FEATURES 


HRS for the most part exhibit clinical features of advanced 

cirrhosis along with 

* Low arterial blood pressure 

* Low urine volume 

* Severe urinary sodium retention 

* Spontaneous dilutional hyponatremia is almost always 
present because of an increased solute-free water 
retention related to elevated levels of arginine 
vasopressin.” 

* Serum creatinine levels are elevated, but less than 
noncirrhotics with acute renal failure due to less 
muscle mass and low endogenous production of 
creatinine.2527 
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Figure 49.5: (Ref: Modified from Gine's and Arroyo, Hepatorenal syndrome.. J Am Soc Nephro! 10:1833-1839, 1999) 


Types of HRS: 2 types of HRS were defined by the 
International Ascites Club (IAC): Type I and II 


Type I HRS: Rapidly progressive renal failure with a 
doubling of serum creatinine to a level >2.5 mg/dl (220 
y mol/L) or a 50% reduction of creatinine clearance to 
< 20 ml/min in < 2 weeks.5* 


MEDIAN SURVIVAL 


2 weeks;125 
* 80% mortality at 2 weeks 
* 10% surviving more than 3 months 

Itis associated with poor prognosis. If not treated early. 
These patients usually have a MELD score of 20 or higher 
and a Child score of 12 or higher? Type 1 HRS may 
develop spontaneously, but it can be precipitated by 
bacterial infections such as spontaneous bacterial 
peritonitis (SBP) or sepsis, acute alcoholic hepatitis, or 
large-volume paracentesis without albumin 
expansion.5223? It can be precipitated in 30% cases by 
bacterial infections and SBP, despite appropriate 
treatment and resolution of the infection.223! and in 20% 
cases due to therapeutic paracentesis without albumin 
expansion./5 Renal failure may occur in up to 10% of 
cirrhotic patients who have gastrointestinal bleeding, but 
in most cases this renal failure is caused by acute tubular 
necrosis and not HRS.7 


TYPE Il HRS 

Serum creatinine level is > 1.5 mg/dl (132 micromole/ 
L) and/or creatinine clearance is < 40 ml/min." Renal 
failure is more slowly progressively and it has a better 


prognosis. It is a steady form that develops slowly over 
weeks with better survival.” It has a subtler course, and 
serum creatinine levels range between 1.5 and 2.5 mg/ 
dl (132-220 pmol/1).!?579 Most patients with type 2 HRS 
usually have diuretic-resistant ascites and have a median 
survival time of approximately 6 months without 
transplantation.5252* 


DIAGNOSTIC CRITERIA 


A. Diagnostic criteria consensus conference, Chicago 

(1994) 

* Hepatic failure and portal hypertension 

* Creatinine >1.5 mg/dl(132 pmol/L) or GFR « 40 
ml/min 

* Noimprovement after diuretic withdrawal and IV 
saline infusion (1500 ml) 

* No shock, no ongoing bacterial infection, 
nephrotoxic agents or fluid losses 

* Proteinuria « 500 mg/dl, normal renal US 

B. Diagnostic criteria of HRS proposed by IAC (1996) 

* Low GFR, as indicated by serum creatinine levels 
greater than 1.5 mg/dL or 132 pmol/L 

* Absence of shock, volume depletion and use of 
nephrotoxic drugs (NSAIDs) 

* Noimprovement in serum creatinine level despite 
stopping use of diuretics for at least 4 to 5 days and 
volume repletion with 40 g intravenous albumin 

* Absence of 
- Proteinuria 
— Sonographic evidence of obstructive uropathy 
- Parenchymal renal disease, 
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— Prerenal renal failure secondary to volume 
depletion 
— ATN secondary to shock 
- Drug-induced renal failure 
- Glomerulopathies in cirrhosis patients due to 
alcohol or hepatitis viruses 
c. New: diagnostic criteria, San Francisco (2005) 
Cirrhosis with ascites 
* Creatinine > 1.5 mg/dl 
* Noimprovement after diuretic withdrawal and IV 
albumin infusion (1 g/kg/d) 48 h 
* Absence of shock 
* No recent nephrotoxic agents 
* Proteinuria « 500 mg/day, microhematuria (« 50 
RBC/ field), normal renal US 


MANAGEMENT 


In type 1 HRS, hospitalization is recommended and type 
2 HRS can be managed as outpatients. 
arina work up of the patient with type 1 HRS? 
* Measurement of 
- Pulse 
— Blood pressure 
— Intake and output 
- Daily weight 
* Blood tests: Complete blood cell count 
- Liver function tests 
- Coagulation studies, 
- Serum BUN 
- Serum creatinine level 
— Serum electrolytes 
— Serum albumin 
* Abdominal USG to rule out any 
- Parenchymal nephropathy 
— Mass lesion 
— Obstructive uropathy 
* 24 hour urine volume 
— Urine sodium 
— Urine sediment 
- Urine analysis 
- Urine culture 
* Diagnostic paracentesis to rule out SBP 
- Cell count 
- Culture 
- Albumin measurement 


TREATMENT 
Supportive Treatment 


* Sodium restricted diet 
* Discontinue diuretics 
* Plasma expansion with albumin 


asw. — MM) 


* Ifdilutional hyponatremia present, fluid restriction of 
1 L/d is recommended.!* 

* Nutrition support 

* Evaluation for liver transplantation 


Specific Treatment 


Type 1 HRS: Splanchnic vasoconstrictors or TIPS 
Type 2 HRS: Large-volume paracentesis and albumin 
expansion or TIPS 


Type | HRS 


Splanchnic vasoconstrictors 

* Vasopressin analogues (ornipressin and terlipressin) 

e Somatostatin analogues (octreotide) 

* Alpha-adrenergic agonists (midodrine 
noradrenaline) 

Combination of vasoconstrictors and albumin?*?"*? is 
important to obtain an optimal response. Albumin 
expands the circulating blood volume, increase cardiac 
preload and cardiac output resulting in improvement of 
effective arterial blood volume leading to increased GFR.” 


and 


Goals of Therapy 


Goals of therapy is to reduce serum creatinine level to 
< 1.5 mg/dl (132 pmol/l) and influencing the outcome 
following transplantation by 

* Providing a successful bridge to liver transplantation 
by reversing renal failure 

Allowing the patients to undergo transplantation with 
less morbidity and mortality 

* Achieving survival rates similar to the patients without 

HRS. 

Patients treated successfully with terlipressin and 
albumin before liver transplantation have similar 
outcome after transplantation with those who did not 
have HRS. Patients who responded to therapy of HRS 
with terlipressin and albumin and octreotide, midodrine, 
and albumin had a better survival rate than patients who 
did not respond to therapy.55*? 

Terlipressin and other vasoconstrictors: Vasopressin 
analogues are potent vasoconstrictors in the splanchnic 
circulation. Ornipressin and vasopressin are not used in 
HRS due to ischemic side effects.75294324546 Terlipressin 
is a newer and safer synthetic analogue of vasopressin 
with fewer side effects and has been used successfully 
in type 1 HRS.525555? Administration of terlipressin and 
intravenous albumin improves renal function with a 
reduction of serum creatinine and improvement in GFR 
in 75% of patients with type 1 HRS.303335-1146 

First sign of response is improvement in urine volume 
in 48 hours. Treatment can be withdrawn once desired 


serum creatinine level (< 1.5 mg/dL or 132 pmol/L) is 
achieved, but changes in serum creatinine may take up 
to 3 days. One-month survival among most studies has 
ranged from 40 to 80?5.5336955* Use of midodrine (alpha- 
adrenergic agonist) in association with Octreotide (an 
inhibitor of release of glucagon) and albumin also 
improve the renal function in cirrhotic patients with 
HRS.5546 

Gine's P, et al! reported an algorithm for treatment 
of hepatorenal syndrome. The aim of the treatment is to 
reduce serum creatinine to « 1.5 mg/dL (132 pmol/L). 
The first lines of drugs are the combination of 
Vasoconstrictors + Albumin (1 gm/kg on first day, 
followed by intravenous albumin 20-40 gm/day). 
Vasococnstrictors such as Terlipressin or a combination 
of Midodrine and Octreotide or Noradrenaline can be 
used in a combination with albumin. Duration of 
treatment is 5 days to 2 weeks. TIPS is considered in 
patients with Child score less than 12 and not responding 
to vasoconstrictors. 


Dose of vasoconstrictors: 

1. Terlipressin: 0.5 mg IV every 4 hours; increase dose 
to 1 mg/4h, then up to 2 mg/4h or 2-12 mg/day, IV 
continuous infusion. 

2. Combination of Midodrine and Octreotide. 
Midodrine: 2.5-7.5 mg p.o. t.i.d, increase upto 12.5 mg 
TID daily depending upon the response to treatment 
and 
Octreotide: 100 ug s.c. TID with an increase to 200 ug 
TID, if needed. 

3. Noradrenaline: 0.5-3 mg /hour continuous IV infusion. 


Transjugular intrahepatic portosystemic shunt (TIPS): 
It has been successfully used in treatment of refractory 
ascites. TIPS also used in HRS, improves renal function 
and GFR as well as reduces the activity of RAAS and SNS 
in cirrhotic patients, 9446 with 60 to 70% success rate. 
If used in patients with a child score > 12, has increased 
risk of mortality. Recent approach is to use a combination 
of vasoconstrictors with TIPS in treatment of type 1 HRS 
to achieve improvement and completely normalized renal 
function.*° 


Dialysis: It is not routinely recommended in HRS 


Indications of Dialysis5 


* No response to first line treatment(vasoconstrictors + 
albumin or TIPS) 

* Severe volume overload and metabolic acidosis 

* Refractory hyperkalemia 


Side Effects 
Hypotension, coagulopathy, and GI bleeding.*7*5 


Extracorporeal Liver Supporting Systems 

They are also used in type 1 HRS in cirrhotic patients 
to decrease in bilirubin and creatinine, an improvement 
in serum sodium levels, urine volume, and mean arterial 
blood pressure, and decreased mortality. +50 


Liver Transplantation 

Liver transplantation is the best treatment option for HRS. 
The 1- and 3-years survival rate in cirrhotic patients with 
HRS after liver transplantation is 85 and 73%, 
respectively. Presence of HRS is associated with increased 
morbidity and early mortality after transplantation. 
Transplantation for type 1 HRS is limited, as significant 
proportion of patients die before the transplantation as 
a result of short survival and prolonged waiting time.! 
LDLT in present scenario is a good option in these patients 
instead of long waiting period. Campbell, et al 
demonstrated a predictive value of the duration of pre- 
transplant creatinine elevation to determine post- 
transplant renal function, that is, those patients with the 
longest duration pre-OLT showed the greatest chance of 
nonresolution.*? 


OUTCOME AND PREVENTION 


Patients with pre-OLT renal dysfunction have an excellent 
chance of renal recovery after transplantation® and 
prevention of conditions which precipitate HRS like SBP, 
alcoholic hepatitis and bacterial infections is important 
cirrhotic patients. HRS carried an approximately 95% 
mortality among untreated patients within 30 days. 


Role of Pentoxiphyllin 


This drug in a dose of 400 mg three times daily for 1 month 
in patients of acute alcoholic hepatitis have shown to 
reduce the incidence and mortality of HRS? 


Role of Albumin 


Intravenous albumin (dose-1.5 g/kg at diagnosis of 
infection and 1 g/kg 48 hours later) helps in preventing 
HRS in SBP patients as it counteracts the enhanced arterial 
splanchnic vasodilation causing under filling and 
subsequent activation of vasoconstrictor systems that 
might occur in the setting of bacterial infections in 
cirrhosis patients. Incidence of HRS in cirrhosis patients 
with SBP without albumin administration is 33 and 10% 
in those who received albumin and inhospital mortality 
in albumin receiving group is 10% compared to 29% in 
those not receiving albumin.? Plasma expanders like 
hydroxyethyl starch and others are not effective in 
preventing renal failure in SBP patients.” 
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(D) HEPATIC ENCEPHALOP. 


Hepatic encephalopathy (HE) is defined as a complex of 
reversible neuropsychiatric syndrome due to 
portosystemic shunting, with or without intrinsic 
parenchymal liver disease. The presence of hepatic 
encephalopathy, whether it occurs in patients with acute 
or chronic liver injury, indicates liver failure, is a serious 
complication, and is often considered a clinical indication 
for evaluation for liver transplantation.! 30-50% of 
hospitalizations for cirrhosis are related to HE.? 


CLASSIFICATION (DEPENDING ON THE ETIOLOGY)* 


* Type A: Encephalopathy due to acute liver failure 
* Type B: Encephalopathy due to portosystemic 
shunting, no intrinsic liver disease 
* Type C: Encephalopathy due to cirrhosis with 
portosystemic shunting: 
- Episodic: precipitated, spontaneous, or recurrent 
— Resistant: mild, severe, treatment-dependent 
- Minimal. also known as “subclinical” 


PATHOGENESIS 


The neurologic impairment in HE is believed to be caused 
by multiple factors. This complex syndrome results due 
to? 

* Ammonia, derived from protein breakdown in the gut 
is the key toxin. Ammonia affects a number of neuro- 
transmitter systems and exerts its effect through its 
products of metabolism (e.g. glutamate and 
glutamine). In HE 
- Cerebral glutamine levels are increased 
- Cerebral glutamate levels decreased 
- Glutamate re-uptake mechanisms are abnormal 
- Glutamate-binding sites on post-synaptic neurons 

are down regulated 

* Failure of detoxification of gut-derived toxins, which 
are normally cleared by the liver. 

* Intra- and extrahepatic shunting in liver failure. 

* Abnormal blood brain barrier in HE, exacerbates the 
crossover of high levels of circulating systemic toxins 
into the CNS. 

* Oxidative stress due to generation of reactive oxygen 

species 

Endogenous benzodiazepine like ligands 

Subclinical intracellular astrocytic edema 

GABA like molecules that act as GABA agonists 

Abnormal histamine and serotonin neurotransmission 


* Endogenous opiates, neurosteroids, inflammatory 
cytokines 
* Manganese toxicity 


CLINICAL PRESENTATION 

Clinical features ranging from life-threatening coma with 
cerebral edema (in acute liver failure) to subclinical, occult 
or minimal confusion/disorientation. An abrupt onset of 
a confusional state, neuromuscular abnormalities and 
fetor hepaticus (a sweet, musty smell on the breath from 
exhalation of unmetabolized mercaptans) and may 
progress withina matter of hours from a mild confusional 
state to deep coma. Asterixis (liver flap) should be sought 
and tendon reflexes tested; the latter are often increased, 
unlike in many patients who are drowsy. In fulminant 
liver failure, presentation of HE is same as those seen in 
patients with cirrhosis but as cerebral edema is more 
common. Signs of raised intracranial pressure 
(bradycardia, hypertension, dilated pupils, decerebrate 
posturing) may also be seen. Chronic persistent 
encephalopathy is used to describe patients with chronic 
liver disease that previously have had recurrent episodes 
of acute encephalopathy who then develop persistent 
neurological manifestations which may range from 
dysarthria and ataxia to dementia, parkinsonism and 
myelopathy. Subclinical encephalopathy is the term used 
to describe the mild brain dysfunction that is commonly 
overlooked during cursory clinical examination, but may 
affect visuospatial and psychomotor abilities and interfere 
with quality of life (e.g. driving may be impaired). It can 
present with focal neurologic signs, hemiplegia and 
hemiparesis were the most common focal neurologic 
signs, but hemiagnosia and monoplegia were also 
observed.* 


RISK FACTORS 


Seizures were more common in patients with focal 
neurologic signs. The focal neurologic deficits resolved, 
without sequelae, in parallel with the resolution of the 
HE.! The development of focal neurologic signs or 
seizures in a patient with encephalopathy should lead 
toappropriate brain imaging, however, because structural 
brain lesions, such as subdural hematomas, can cause the 
focal neurologic signs. Cerebral edema or even fatal uncal 
herniation have rarely been described in cirrhotic patients 
with HE?" 


Risk factors for encephalopathy 


1. Increased protein load 
Upper GI hemorrhage 
Large protein meal 

3. Electrolyte disturbance 
Hypokalemia 
Hyponatremia 
Dehydration 
Paracentesis 

5. Portacaval shunts/TIPS 
Acute hepatitis 
Drug-induced liver injury 

7. Drugs 
Sedatives 
Antidepressants 

9. Terminal liver disease 

11. Surgery 

13. Diabetes mellitus 


2. Decreased excretion of ammonia 


Renal failure, Hepatorenal syndrome 
Constipation 

Infection 
Spontaneous bacterial peritonitis 
Pulmonary infection 
Urinary tract infection 
Cutaneous infection 

Superimposed acute liver injury 


Hepatocellular carcinoma 


. Severe hyperammonemia 
. Acute liver failure 
. Malnutrition 


Hepatic encephalopathy: West Haven criteria for grading mental state? 
West Haven criteria for grading mental state 


Grade Clinical findings 
Grade 0 
Grade 1(Mild) 


No abnormality detected 
Trivial lack of awareness, euphoria, anxiety, reduced attention span, 


impaired performance in addition or substraction 


Grade 2 (Moderate) 


Lethargy, apathy, disorientation for time and place, personality 


change, Inappropriate behavior 


Grade 3 (Severe) 


Grade 4 (Coma) 


Somnolence to semi-stupor, but responsive to stimuli, confusion and 
gross disorientation 

Coma, little or no response to stimuli 

Mental state not testable 


Conn H, Lieberthal M, et al. The hepatic coma syndromes and lactulose. Williams and Wilkins;1979:7?). 


DIAGNOSIS 


* Blood ammonia level: Blood sample should be drawn 
in a nonheparinized container, immediately kept on 
ice and ammonia measured in 30 minutes. Arterial 
blood is more favorable for its measurement. Venous 
and arterial blood ammonia levels are closely similar 
when properly assayed without any technical errors.!! 
Technical errors occur during the biochemical assay 
of ammonia levels. Ammonia is a labile compound. 
Evaporation and spontaneous deamination can occur 
during storage and transport at room temperature. 
There is a difference in assessing the venous and 
arterial blood for ammonia. Blood ammonia levels may 
be moderately elevated in patients with cirrhosis 
without HE. Elevated ammonia levels are seen in HE. 
Its level correlates with the severity of HE.7? Normal 
blood ammonia levels do not support the diagnosis 


of HE. An increased ammonia level in a comatose 
patient does not exclude other coexistent conditions. 
Significant rise in ammonia level i.e. 3150-200 pmols/ 
L in a comatose patient strongly favor HE. 
Electroencephalogram (EEG): It classically shows 
bilateral, synchronous slowing of frequency from 
alpha to theta (4-7 Hz) or even to the delta range («4 
Hz) and triphasic spikes, but these abnormalities are 
not specific for HE particularly in presence of 
convulsions. 

Electrophysiological tests: They are of research 
interest. 

Visual evoked potentials Brain stem auditory 
evoked potentials 
P300 event-related 
potentials 


Somatosensory evoked 
potentials 


* Psychometric tests: Number connection test, useful in 
assessing the clinical course of HE and assess response 
to therapy. 

* PET Scan 

* Head CT or MRI Scan: To rule out other organic lesions 
causing abnormal mental status. 


DIFFERENTIAL DIAGNOSIS 


* Metabolic encephalopathy 
Hypoglycemia, hypoxia, hypercapnia, hyponatremia, 
hypernatremia, ketoacidosis, uremia and thyroid 
dysfunction 
* Drugs/toxins 
Alcohol, sedatives, e.g. benzodiazepines 
* Intracranial lesions 
Subdural hematoma, subarachnoid hemorrhage, 
stroke, transient ischemic attack, intra-cranial 
hemorrhage, space occupying lesion 
* Infection 
Meningitis and encephalitis (bacteria /virus/fungus) 
* Miscellaneous 
Seizures, Wernicke's encephalopathy, delirium 
tremens, post-ictal state 
* Trauma 
Head injury 


TREATMENT 
Correction of Precipitating Factors 


Dehydration should be corrected with infusion of isotonic 
saline. Discontinuation of diuretics and free water 
restriction is important even in presence of ascites and 
reintroduced cautiously. Restriction of protein diet and 
sedative drugs is necessary. Gastrointestinal blood loss 
should be replaced with blood transfusion. Broad- 
spectrum antibiotics are initiated after obtaining samples 
for culture when infection is suspected and later changed 
of antibiotics, based on the culture and sensitivity reports. 
Electrolyte disturbances in sodium and potassium levels 
should be corrected. Limited infusions of hypertonic 
saline (3% NaCl, 150 mL intravenous) may be needed for 
very severe hyponatremia. The new vasopressin receptor 
antagonists have shown promising results in treating 
severe hyponatremia with cirrhosis. They can be 
considered for patients with severe HE and severe 
hyponatremia.” 28 Renal failure, hepatorenal syndrome 
and urinary tract obstruction due to stones or prostatic 
hyperplasia should be corrected. Hypoxia due to 
pulmonary infections, ARDS, massive pleural effusions 
and other causes should be appropriately treated. 
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Dietary Protein Restriction 


The traditional dietary measures aim to reduce protein 
intake from the normal 80 gm/day to about 40-60 gm/ 
day or, in severe cases, 20 gm/day. The current 
recommended protein diet for with a history of HE is 0.8 
to 1.5 g/kg/d. In chronic HE branched chain amino acids 
(valine, leucine and isoleucine) and vagetable protein diet 
is advised. 


Lactulose 

Lactulose is nonabsorbable disaccharide, which acts by 
inducing diarrhoea, change the intestinal bacterial flora, 
can decrease ammonia production and increase ammonia 
excretion. It is given orally or via nasogastric tube 
depending upon the level of conciousness, at a dose of 
30 ml 2-4 times/day. It cannot be given orally in patients 
with paralytic ileus and is inadvisable in presence of tense 
ascites. Patients with advanced HE, severe ascites, and 
spontaneous bacterial peritonitis, lactulose is 
administered as colonic retention enema (300 mL of 
lactulose plus 700 mL of tap water).!> Dose requirement 
is variable from patient to patient. Lactulose enemas 
causes less abdominal distention. Adverse effects of 
lactulose are sweet taste, intestinal gas production, 
abdominal pain, distension and diarrhea.!^!^ Inadequate 
compliance due to its side effects is a major problem. 


Antibiotics 

Antibiotics like neomycin (neomycin sulfate: 4-12 grams/ 
day), metronidazloe, vancomycin, and rifaximin 
(nonabsorbable rifamycin) inhibit the production of 
ammonia or other neurotoxins by intestinal 
bacteria./2? Neomycin is commonly used drug. 
However, in recent days rifaximin at a dose of 1200 mg/ 
day has gained acceptance as first-line or as adjunct 
therapy to lactulose.”” 


Other Drugs in Treatment of HE 


* Ketoanalogues of branched-chain amino acids 
(ketoleucine, ketoisocaproate, and ketovaline)?! 
- Benzoates (act as ammonia scavengers)? 
- Naloxone (opioid antagonist) 
- Flumazinil (benzodiazepine antagonist)? 


Chronic HE 


Chronic HE may be related to increased protein diet or 
chronic GI bleeding. Etiology is thoroughly evaluated and 
treated along with the use of lactulose or refaximin. 
Neomycin is avoided in chronic HE due to its adverse 
effects on vestibulocochlear system. 


HE due to Acute Liver Failure 


Opening intracranial pressure > 10 mm Hg, the hepatic 
coma may be caused by the cerebral edema. In this 
situation, the therapy consists primarily of mannitol, mild 
hypothermia, and barbiturate infusion in refractory 
cases.™ Treatment is discussed in detail in acute liver 
failure chapter. 


Hepatic Encephalopathy after Surgical Shunts/TIPS 


20 to 77% of patients develop HE after TIPS252629 Risk 

factors for post TIPS encephalopathy are? 

* Age > 60 years 

* High MELD score 

* Low arterial blood pressure 

* Low post-TIPS porto-systemic pressure gradient 
Routine treatment with lactulose and/or antibiotics 

often produces a satisfactory outcome. HE may be 

temporary, but if recurrent and intractable, then it may 

require reduction of the shunt's diameter or even its 

closure. However, this is rarely required. Before closure, 

eradication of varices by endoscopic methods is 

advocated.?! 


Artificial Liver Supporting Systems 


Artificial liver supporting systems are useful in HE, 
temporarily to support in an irreversible acute or chronic 
liver failure till donor is available for liver transplantation. 
They can sustain the patients with HE while correcting 
the precipitating factors. Bioartificial liver (BAL) and non- 
biological systems like MARS are useful. 


Liver Transplantation 


HE is a clinical sign of liver failure. In many cases, liver 
transplantation is the only satisfactory long-term 
treatment and this is true for both patients with FHF and 
patients with chronic liver disease and chronic 
encephalopathy. Cirrhotic patients with severe HE have 
poor survival, even with low MELD score.??3 Some 
reversibility of cognitive function occurs with 
transplantation. All patients with encephalopathy should 
therefore be considered for orthotopic liver 
transplantation. 
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It has been reported that 13 to 47% of patients with end- 
stage liver disease have some form of intrapulmonary 
vascular abnormalities.! The lack of intrinsic cardio- 
respiratory diseases in a hypoxemic patient with liver 
disease must prompt one to confirm or exclude the 
diagnosis of HPS. Mild hypoxemia in patients with liver 
disease demands follow-up over time, while the detection 
of severe hypoxemia affects the timing of transplantation 
and perioperative management. Detection of hypoxemia 
and the diagnosis of HPS are extremely important for 
proper management of patients with liver diseases during 
the perioperative period.** 


* Widened alveolar-arterial oxygen gradient in room 
air (DAaO; usually >15 mm of Hg) 


INCIDENCE 


It affects 15 to 20% of patients awaiting LTX.*^? The 
incidence of HPS has been variously related to the severity 
of the hepatic dysfunction. Severe HPS not only occurs 
in patients with advanced liver disease as measured by 
the Child-Pugh classification,?^ but also in patients with 
mild liver dysfunction. 


PATHOGENESIS 


The mechanism of hypoxemia in the early stages of 
asymptomatic HPS is a pulmonary ventilation-perfusion 
(VA/Q) imbalance, due to the presence of optimum 
alveolar ventilation coexistent with high perfusion (areas 
with low VA/Q ratio). Etiology of liver disease does not 
seem to affect the development of HPS, as it has been 
reported in patients with prehepatic portal hypertension 
in the absence of chronic liver disease, in Budd-Chiari 
syndrome, and even in patients with acute or chronic 
inflammatory liver disease without evidence of cirrhosis 
or portal hypertension.5 Pathogenesis of HPS has not been 
clearly identified. Portal hypertension and the induced 
vasoactive mediator like nitric oxide, TNF-a and 
increased expression of endothelial type B endothelin 
receptors have been implicated in the process. 
Structurally, pulmonary parenchyma is strictly normal 
but there is a generalized pulmonary vasodilatation at 
the capillary level. The hallmark of pulmonary vascular 


changes in patients with HPS is the presence of dilated 
vessels at the precapillary and capillary levels and direct 
A-V communications leading to an intrapulmonary shunt 
(IPS).*4° These vessels, normally «15 um in diameter, may 
reach 50-80 um and, exceptionally, true A-V communica- 
tions may be present. 


CLINICAL COURSE 


Clinical features are progressive onset of dyspnea 
(aggravated by exercise), platypnea (An increase of 
symptoms while standing is the result of redistribution 
of blood to lower lung lobes, i.e. more perfusion, lower 
oxygenation), orthodeoxia, a worsening of oxygen 
saturation upon standing that is relieved by recumbent 
position.? Digital clubbing and cyanosis reflect the impact 
of chronic hypoxemia and are weakly sensitive but highly 
specific for the diagnosis of Hepatopulmonary syndrome. 
Spider nevi are commonly observed. 

Recent data suggest that about 50% of patients die 41 
months after the diagnosis of HPS.!! Although most 
patients exhibit the typical stigmata of severe liver 
dysfunction and portal hypertension, in a few cases, 
severe gas exchange abnormalities precede and are more 
clinically relevant than manifestations of liver failure. 
However, it seems to be that the severity of liver disease 
does not influence HPS outcome.” 


INVESTIGATIONS 


Chest X-ray, pulse oximetry, arterial blood gas analysis, 
spirometry, contrast echo-cardiography, radionuclide 
lung perfusion scanning and pulmonary angiography: 


Chest X-ray 


Chest X-ray, a mottled appearance of the chest 
radiograph. Bilateral interstitial markings, especially in 
the lower lobes, may reflect the presence of arterial 
vasodilatation. 


Pulse Oximetry 

It is a bedside, noninvasive, and inexpensive technique 
for the initial respiratory screening of patients with liver 
disease. Only patients selected by abnormal pulse 
oximetry study should undergo more invasive 
investigation. This approach which is characterized by 
high sensitivity and moderate specificity? may avoid 
unnecessary arterial blood gas analysis. 


The following algorithm has been proposed:!! 
* SpOsof < 97%, identifies patients with mild hypoxemia 

(pO» < 80 mm Hg) 

e SpO; < 94% identifies subjects with moderate-severe 
hypoxemia (pO, < 60 mm Hg) 

A pO» value < 80 mm Hg and a DAaO; value >15 mm 
Hg have been proposed as criteria for further diagnostic 
evaluation. Abnormal pulmonary gas exchange 
(alveolar-arterial gradient of oxygen >15 mm Hg) due to 
intrapulmonary vasodilatation can be measured by 
contrast-enhanced echocardiography or technetium 99- 
labeled macroaggregated albumin (99mTcMMA) lung 
scanning, in the setting of liver disease? 


Contrast Echocardiography 


In this approach, microbubbles derived from agitated 
saline are injected intravenously. Under normal 
circumstances, they are not visible in the left atrium 
because they cannot traverse the pulmonary circulation. 
Immediate appearance of bubbles within three to five 
beats indicates pulmonary vasodilatation. Transthoracic 
approach is preferred over transesophageal 
echocardiography because of improved sensitivity in 
cases of early hepatopulmonary syndrome.” There is 
disparity between findings at contrast echocardiography 
and blood gas exchange. In up to 40% of cirrhotic patients, 
an abnormal contrast echocardiogram is not accompanied 
by evidence of hypoxemia.** Compensatory mechanisms 
to vasodilatation, including hyperventilation, maintain 
oxygenation in these circumstances. When other 
pulmonary abnormalities exist, such as hydrothorax or 
obstructive disease, contrast echocardiography is not an 
accurate tool. Contrast echocardiography is a sensitive 
tool, valuable for screening, but lacking specificity. 


Radionuclide Lung Perfusion Scanning 


Injection of Technetium 99-labeled macroaggregated 
albumin (99mTcMMA) intravenously results in 
homogenous lung imaging as the macroaggregates lodge 
in pulmonary arterioles.” When macroaggregates pass 
through the pulmonary vasculature, they are detected in 
extrapulmonary tissues. When the brain is scanned, less 
than 6% of total counts can be detected under normal 
circumstances. Positive scans (more than 6% brain uptake) 
had hypoxemia with PaO; values below 60 mm Hg, with 
a positive correlation between the degree of shunting and 
arterial hypoxemia. The lung perfusion scan provides 
specificity to the diagnostic workup. It is well suited for 
patients with intrinsic lung problems where there are 
difficulties in using contrast echocardiography.” 


Pulmonary Angiography 

HPS imaging by pulmonary angiography was first 
reported by Hansoti and Shah.!? HPS is divided into two 
types based on pulmonary angiographic images. 


Type 1: In this type, the images are initially almost normal 
or they exhibit a diffuse and fine “spiderlike” pattern with 
normal reaction (PaO; >500 mm Hg) to the inhalation of 
pure oxygen. With disease progression, the images exhibit 
a “spongy” or “blotchy”-like pattern with poor reaction 
to the inhalation of pure oxygen. 


Type 2: In this type HPS, the vasodilatation represents 
A-V fistula or A-V malformation, for which recovery from 
hypoxemia cannot be expected. 

When inhalation of pure oxygen is not effective for 
an HPS patient, pulmonary angiography should be 
performed. If the image exhibits type 2 characteristics, 
it is difficult to restore pulmonary function by liver 
transplantation. In patients with severe, advanced HPS, 
the hypoxemia is mainly due to an increase in 
intrapulmonary shunt aggravated by a co-existent 
diffusion-perfusion defect.’ To date, OLT is the only 
proven therapy for HPS.!344 


TREATMENT 


The first case report of HPS resolution following OLT 
appeared in 1989. Since then, a number of case reports 
and series have reinforced this observation. A review of 
the literature by the Mayo Clinic showed total resolution 
or significant improvement in gas exchange following 
OLT in >85% of patients.? In 1998, UNOS considered that 
the presence of hypoxemia due to HPS, once considered 
acontraindication for OLT, represented, in selected cases, 
an indication for OLT. Recent evidence that HPS increases 
morbidity and mortality among waiting list patients 
supports the UNOS polices that recommend that HPS 
patients with severe hypoxemia (PaO2< 60 mm Hg), 
independent of the calculated MELD score, receive 
additional priority on the waiting list.*? 

Presence of HPS results in an increased morbidity and 
mortality among patients awaiting or having undergone 
OLT. Patients with HPS have more pulmonary 
complications, i.e. respiratory infections and lengthy 
mechanical ventilation. Determinants of a good prognosis 
are quantitative radionuclide lung scanning with 
extrapulmonary uptake > 20% and PaO; >50 mm Hg.^ 
Patients with a poor response to 100% oxygen breathing 
present difficult perioperative management with a high 
mortality and few possibilities for resolution of HPS.!> 
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HPS response to medical treatment is very poor. 
Various modalities of treatment like vasoconstrictors, 
such as phenylephrine, somatostatin analogues, aspirin, 
indomethacin, garlic powder, methylene blue, almitrine 
and Transjugular portosystemic shunt (TIPS) have been 
tried but none of them are useful while the patient is 
awaiting a new liver.??2? Taniai, et al. reported that 
inhalation of nitric oxide represents a good method to 
improve hypoxia and to get relief from HPS during the 
early postoperative period.!6 Inhalation of nitric oxide 
after pediatric OLT has been reported to improve 
oxygenation among severely hypoxemic patients.!7-1* 
Inhalation of nitric oxide reduces the pulmonary-artery 
pressure and increases arterial oxygenation, without 
producing systemic vasodilatation.5 Hypoxemia 
associated with the HPS is due to right-to-left anatomic 
lung shunting resulting from precapillary or capillary 
vascular dilation. Nitric oxide reaches the alveoli in the 
portions of the lung that are better ventilated, dilating 
these local capillary blood vessels, and thereby improving 
the ventilation to perfusion ratio.? 

Oxygen supplementation temporarily improves the 
quality of life of HPS patients. It is well known that tissue 
hypoxia produces adverse effects on wound healing and 
decreases resistance to bacterial wound infection.!5 To 
reduce the incidence of surgical complications and 
infections, adequate oxygen supply should be continued 
for at least 2 weeks or until the patient achieves a stable 
condition after transplantation. 

In most liver transplant centers, the existence of this 
syndrome, especially among, children, is an indication for 
hepatic transplantation.275 Today OLT is the only 
effective treatment option as this condition seems to 
develop due to underlying liver disease. 


LIVER TRANSPLANTATION 

HPS is not associated with the severity of hepatic disease. 
Hypoxemia and hypocapnea are the indications for liver 
transplantation." Rodriguez, et al. suggested that 
screening for HPS should be performed in all candidates 
waiting for liver transplantation.?5 Patients with HPS in 
fact show an increased mortality, both among candidates 
for and recipients after OLT.!^!? HPS, once considered 
a contraindication to the transplant, but now-a-days has 
became an indication for it.? 

Schenck, et al presented a prospective study on the 
prognostic significance of HPS in cirrhotic patients 
awaiting LTX.” He reported that the patients with HPS 
had an average survival almost four times less than 
subjects not affected by this complication (10.6 vs. 40.6 
months). 

In 1993, Krowka, et al. observed that the mortality in 
cirrhotic patients at 2.5 years after the diagnosis of HPS 


was 4175?! Arguedas, et al. also showed that 1 year after 
OLT the postoperative mortality was almost two fold 
greater in patients with HPS than those free of this 
complication (29% vs. 7%). Furthermore, in comparison 
with subjects who survived patients who died had 
significantly lower PaO» values, significantly higher 
alveolar-arteriolar oxygen gradients, and a greater 
percentage of shunts, as assessed by perfusion 
scintigraphy. The level of PaO, measured on the 
percentage of intrapulmonary shunts is also indicative 
of the morbidity. 

Mortality up to 30% has been reported in the literature 
with at least 8% of deaths occurring the first 3 months 
after OLT. This mortality is twice that of all candidates 
undergoing OLT.!5 But in a recent report from Kim, et 
al. reported that the results among LT patients with HPS 
were not significantly different from the patients without 
HPS even though the hepatic decompensation was more 
profound in the former cohort. Liver transplantation is 
followed by intensive respiratory care is recommend for 
patients with HPS and he concluded that the presence 
of HPS may not affect outcomes in patients with 
decompensated cirrhosis undergoing liver transplan- 
tation? 

This respiratory complication is in fact responsible for 
an increased mortality and perioperative risk among 
candidates for liver transplantation.56 Other 
complications known to occur in patients with HPS 
undergoing OLT are portal venous thrombosis, 
Intracranial events and multiorgan failure.” 

Time necessary for HPS to recover after transplant vary 
from few weeks to several months. HPS is an 
independent risk factor for death and it qualifies as major 
criterion in the prognostic evaluation of patients awaiting 
liver transplantation. Some transplant centers in USA 
have recently attributed, in the context of the model of 
end-stage disease (MELD) system, a higher score to 
patients with a pO» < 60 mm Hg. 

Mazzeo, et al.*! proposed a simple scoring system to 
predict risk of mortality in cirrhotic patients with HPS. 
Score ranges from 1 to 3 for two parameters Child-Pugh 
score and severity hypoxia. Child-pugh A, B and C are 
given a score of 1, 2 and 3 respectively. PaO, 80-70, 70- 
60 and 60-50 mm of Hg are given a score of 1, 2 and 3 
respectively. Individual score of 2 parameters is summed 
for a total score, which ranges from 2-6. Risk of mortality 
is low, moderate and high when the total score is 2-3, 
4-5 and 6, respectively. 
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Spontaneous bacterial peritonitis (SBP) defined as the 
spontaneous infection of the ascitic fluid in a cirrhotic 
patient, in the absence of any source of intra-abdominal 
infection. It is the most common bacterial infection in 
cirrhotic patients with ascites contributing to 25-30% of 
hospital admissions.! SBP is due to decreased antibacterial 
factors in the ascitic fluid such as complement. Rate of 
recurrence is about 60-70% of patients after one year of 
the first episode. The 1prevalence drops to 3% in 
asymptomatic outpatients undergoing regular 
therapeutic paracentesis.? Source of infection in SBP is 
usually from enteric route, commonly E. coli. 


RISK FACTORS 


Patients with tense ascites undergoing therapeutic 
paracentesis are not at a higher risk for SBP compared 
with patients responding to diuretic therapy? Risk of 
developing SBP is approximately 55% in 1 year if^ 

* Ascites total protein content « 1 g/dL 

* Bilirubin » 3.2 mg/dL 

* Platelet count < 98,000/mm? 


CLINICAL FEATURES 


Many patients may be asymptomatic. So suspicion and 
early diagnoses are essential in improving outcomes in 
patients with SBP. Some centers follow routine diagnostic 
tap in all hospitalized patients on admission to rule out 
SBP.? Usually present as fever, nonspecific abdominal 
pain/discomfort, worsening hepatocellular function and 
unexplained encephalopathy. !? 


CORRELATION WITH HRS 


SBP is associated with the development of HRS in about 
30% of the patients and carries a high mortality rate of 
40-100%.! The development of HRS may be prevented 
by intravenous albumin administration at a dose of 1.5 
mg/kg at diagnosis and 1.0 mg/kg after 48 hours. 


DIAGNOSIS 


A polymorphonuclear leukocyte cell count >250/mm3 
confirms the diagnosis.!6 Positive culture of ascites fluid 
is usually seen 50 to 60% of cases.*? Simultaneous blood 
cultures are also positive in more than 50% cases. Rapid 
diagnosis can be made by using a urine reagent dipstick 
to test ascitic fluid. If leukocyte esterase is strongly 
positive, the diagnosis of SBP is highly likely. It provides 
a quick bedside diagnosis of SBP.5? 


TREATMENT 


Third-generation cephalosporins are the treatment of 
choice in these patients. SBP should be treated with 
intravenous (IV) cefotaxime or another third generation 
cephalosporin for 5 days, leading to a resolution in 90% 
cases of SBP.!? Cefotaxime used every 12 hours or the 
combination of amoxicillin-clavulanic acid is equally 
effective.!7! ciprofloxacin intravenous, followed by oral 
ciprofloxacin also compares favorably to IV ceftazidime 
for treatment of SBP.? Plasma volume expansion with 
albumin in addition to antibiotics has been shown to 
lessen renal dysfunction and lower the rate of in-hospital 
and 3-month mortality (22% versus 41%).!3 The beneficial 
effects of albumin administration in SBP are related to 
improvement in cardiac function and a decrease in arterial 
vasodilatation. These effects cannot be replicated by 
other volume expanders, such as hydroxyethyl starch.^ 
A potential role for branched-chain amino acid 
supplementation as an adjunct in therapy of SBP is 
reported in a case study and needs to be evaluated in 
prospective manner. 


MORTALITY 


The mortality rate ranges from 30 to 50% for each bout 
of SBP.! The early detection and prompt treatment of 
SBP has led to a decline in mortality in recent years.?* 


PROPHYLAXIS 
Prophylaxis with a quinolone group of antibiotic such 
as norfloxacin is recommended routinely to prevent the 
recurrences and improve survival.! After a single bout 
of SBP, there is a 70% 1-year cumulative probability of 
developing a further episode of SBP and prophylaxis is 
appropriate.'® Oral norfloxacin (400 mg/day) or 
ciprofloxacin (750 mg once every week) can reduce the 
risk for SBP to 20%.!% A recent study showed that IV 
ceftriaxone is better than oral norfloxacin to decrease the 
incidence of hospital-acquired infections.”° 

Cirrhotic patients admitted with a gastrointestinal 
hemorrhage also should be prophylactic antibiotics, as 
this leads to a decreased infection rate, improved survival, 
and a decreased rate of further variceal bleeding.!° 
Primary prophylaxis against SBP in patients who never 
had a previous episode but have a low protein ascitic fluid 
with norfloxacin resulted in a statistically significant 
decrease in the incidence of SBP compared with placebo. 
Trials using rifaximin, a nonabsorbable antibiotic with 
a low likelihood of causing bacterial resistance for primary 
prevention of SBP, are being initiated 222526 


The addition of cisapride (20 mg BID) to norfloxacin 
in patients who had recovered from an episode of SBP 
or had low ascitic fluid protein significantly lowered the 
probability of SBP and death in the subsequent 18 
months.2*25 B-Blockers seem to reduce the incidence of 
bacterial translocation and probability of developing SBP 
at 1 year in patients receiving them for prophylaxis 
against variceal bleeding.” 
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Hyponatremia is a frequent complication of liver cirrhosis, 
responsible for considerable morbidity. Hyponatremia 
occurs frequently in liver cirrhosis, where the so-called 
effective hypovolumia?? determines hemodynamic and 
renal alterations leading to a reduced urinary diluting 
capacity, which in turn, causes solvent retention. 


DILUTIONAL HYPONATREMIA 


Water in excess with respect to Na* retention, the extra- 
water dilutes the solutes causing hyponatremia. Na* 
deficit: When solvent is retained in an attempt to re- 
expand the volume loss due to solute depletion, as during 
diuretic treatment, the hyponatremia is due sodium 
deficit, even though there is still an excess solvent with 
respect to solutes. These events represent a homeostatic 
defense of volume, attended by anti-diuretic hormone 
(ADH) release driven by the volume state even in the 
face of low plasma osmolality.** 


PATHOGENESIS OF HYPONATREMIA’? 

Hyponatremia can originate from four possible conditions 

* Hyponatremia of solute deficit, or depletion: Loss of 
either Na* or K*, or both. 

* Dilutional hyponatremia: A rise in total body water 
or water excess. It is a consequence of a higher rate 
of renal retention of water in relation to sodium, due 
to a decrease in free-water clearance.* 

* A combination of the above two mechanisms. 

* A shift of water from cells to the extracellular fluid 
(ECF), where it dilutes Na*. This occurs when an 
osmotically active solute is added to the ECF, driving 
an osmotic flow of water from cells. 

Patients with ascites, particularly when treated with 
diuretics, experience uncontrollable thirst and are not 
instructed by their physician against water intake as much 
as against salt intake. Hence, the patient retains water 
but not Na*, and a relative solvent excess with respect 
to solutes is generated, leading to hyponatremia. 


CLINICAL PRESENTATION 


Dilutional Hyponatremia or Pure Na* Deficit 


Presentation is linked to swelling of the brain, intracranial 
hypertension, altered membrane potentials’ (due to 
reduced cellular K* concentration) and attendant changes 
in osmolytes and glutamine concentration. 


CNS relaied symptoms: Nausea, vomiting, dizziness, 
confusion, headache, blurred vision, lethargy, coma and 
seizures. 

GI symptoms: Reduced tone of the bowel musculature with 
sphincter contraction, leading to a pseudo-paralytic ileus. 


Pure Na* Depletion 


Signs of volume depletion: Tachycardia, orthostatic 
hypotension, flat jugular veins, cold extremities, oliguria. 

If there is K* depletion, clinical picture might be 
unrevealing and K* depletion masked by the concomitant 
treatment with K* sparing diuretics, acidosis, rhabdo- 
myolysis and renal failure. Plasma Na* » 125 mEq/L: 
Asymptomatic, while Plasma Na* less than 110 mEq/ 
L presents with severe symptoms. It is a medical 
emergency and can lead to death by central pontine 
myelinolysis.* 


Central Pontine Myelinosis 


It is seen as a symmetric area of increased signal in the 
centre of the pons by nuclear magnetic resonance (NMR). 
The patient experiences rapid progression to coma, facial 
diplegia and/or multiple cranial nerve involvement, 
spastic quadriparesis that may progress to quadriplegia. 
Although its occurrence is higher in the hyponatremia 
of cirrhosis and hypoxia, over correction (»25 mEq/ 
48 h) of the alteration represents the main cause. 
Symptoms and NMR findings may develop in days to 
weeks following the correction of hyponatremia.!? The 
cause of brain swelling is the hypertonicity of the brain 
with respect to ECF maintained by K* and its anions. K* 
concentration inside the cells is initially not affected by 
the water retained and/or the Na* lost, as these initial 
events occur in the ECF. When water diffuses into the 
brain cells, volume regulatory mechanisms are triggered, 
that include K* extrusion and loss of non-electrolytic 
osmolytes; Later, the diffusion of osmolytes outside brain 
cells allows the recovery of K*. An excessively rapid 
correction might interfere with the mechanisms of cell 
volume regulation and produce excessive shrinkage or 
more rapid swelling, aggravating symptoms and 
risks.2 

The most important factor that dictates the clinical 
response of the patient is the rate of change of serum 
sodium. Reaching marked low Na* levels chronically may 
be entirely asymptomatic, while apparently less severe 
falls could be life threatening if occurring in few hours. 


DIAGNOSIS OF HYPONATREMIA!* 


Diagnosing the hyponatremia and its etiology is 
important, whether it is water excess or solute deficit, or 
their combination. This diagnosis is purely clinical, based 
on a careful history, appraisal of volume status, renal 
function, cardiac output and central venous pressure. 
Simple measurements of plasma and urine creatinine, Na* 
and plasma uric acid are helpful in doubtful cases. Body 
weight is important, as a sudden gain in few days argues 
in favour of water surfeit, while solute deficit is more 
likely if weight is unchanged. Calculating the ratio of 
urine to plasma Na* concentration over that of creatinine 
(UNa/PNaxPCr/UCr) requires only 1 ml of urine. It 
expresses quantitatively the fraction of filtered Na* which 
is being excreted. Values < 0.01 indicate a Na* retaining 
state, hence, a hyponatremia due to Na* deficit. Values 
> 0.02 suggest renal Na* wasting, i.e. solvent excess, 
unless the patient is receiving diuretics. Values « 0.01 
measured in patients taking diuretics strongly suggest 
diuretic abuse and the triggering of a powerful Na- 
retaining state, capable of decreasing urine Na* 
concentration even in the face of diuretic administration. 


TREATMENT’? 


Goals of treatment according to severity of hyponatremia 

* Severe hyponatremia (Plasma Na* «115 mEq/L). 
Step 1: Bring plasma Na* to less severe values (>115 
mEq/L) in few hours (at a rate not exceeding 1.5 mEq/ 
L/h). 
Step 2: Bring to less worrisome values (>120 to 125 
mEq/L) in 24 hours. 
Step 3: Bring plasma Na* to normal in few days. 

* Symptomatic hyponatremia (PNa* > 115,< 125 mEq/ 
L): Step 2 and 3 

* Mild hyponatremia/Asymptomatic (Plasma Na* 
> 125mEq/L): Step 3 


Calculation 


Sodium deficit (mEq) = (130-Current plasma Na*) x Total 
body water (TBW) 

TBW is the same before and during the hyponatremia 
of solute deficit. 

TBW is calculated by multiplying the body weight in kg 
by 0.6, the fraction of water over weight. 

Total body water (liters) in normal individuals: 60% of 
lean body weight in males and 50% of lean body weight 
in females. 


Potassium deficit = (Normal potassium-current 
potassium) x TBW 


Water Excess 


It is exactly equivalent to the change in body weight, if 
available and correctly recorded. 


Correction of Na* Deficit 


* Step 3 requires only dietary supplementation of the 
calculated deficit. 

* Steps 1 and 2 require the infusion of the calculated 
amount of Na* as 3% hypertonic solution, 
corresponding to 513 mEq/L. Step one should be 
accomplished in 3-4 h and step two in 12-24 hour. 
(For calculating Na* deficit, 115 mEq/L is used as 

desired value for step 1, and 125 mEq/L for step 2) 
Aquaretics (VPA-985, a selective vasopressin; V2- 

receptor antagonists) used in hyponatremia of water 

excess, they could be useful even in that of solute deficit 

only if associated to the infusion of normal saline at a 

rate calculated to replenish Na* stores.1*-15 


Water Excess/Dilutional Hyponatremia 


* Step 3 requires only water restriction. Necessary 
weight loss, corresponding to the solvent excess 
calculated, must be followed on a scale till desired 
plasma Na* is achieved slowly over few days. 

* Steps 1 and 2 require some ways to remove water from 
the body: Furosemide 
With Furosemide infusion of 40-80 mg/hour, urinary 

Na* excretion is approximately 70-80 mEq/L.!6!? The 
hourly urine volume excreted is replaced with half the 
equivalent volume of normal saline containing 155 
mEq/L of Na*. The sodium loss induced by the diuretic 
is replaced together with 50% of the water loss. Thus, this 
method induces a net solvent excretion of 50% of the urine 
flow. During correction, the rise in Plasma Na* will 
abstract water from cells, re-expanding the ECF. If the 
diuresis required takes long-time, the replacement saline 
infusion should also include KCI. This treatment can't 
be given in presence of renal failure, where the extra water 
can be abstracted by ultrafiltration. Paracentesis in 
hyponatremic patients also removes liters of hypotonic 
fluid. The amount of fluid replaced, even in part, by 
normal saline that contains 155 mEq/L of Na*, the 
procedure is identical to that of furosemide-induced 
diuresis with partial restitution of normal saline, and will 
slowly correct hyponatremia. 


CONDITIONS ASSOCIATED WITH HYPONATREMIA 


Hyponatremia and Ascites 

A prospective study from Spain showed that the 
prevalence of hyponatremia (serum Na* «130 mEq/L) 
in patients hospitalized for various complications of 
cirrhosis was 35%.'* Survival is significantly reduced in 
patients with spontaneous development of 
hyponatremia.!? Of note, all patients with hyponatremia 
had ascites. In another study from Italy, hyponatremia 
(serum Na* <130 mEq/L) was found in approximately 
30% of patient admissions for complications of cirrhosis, 
and 96% of the patients with hyponatremia had associated 
ascites.?? 


Hyponatremia and encephalopathy 
Hyponatremia is common in patients with cirrhosis and 
is associated with remarkable changes in brain cells, parti- 
cularly a reduction in myo-inositol and other intracellular 
organic osmolytes related to the hypo-osmolality of the 
extracellular fluid. These changes in brain cells may 
predispose to hepatic encephalopathy. Severe 
hyponatremia is a major risk factor of hepatic 
encephalopathy in patients with cirrhosis and refractory 
ascites and normalizing serum sodium levels in patients 
with severe hyponatremia could reduce the risk of hepatic 
encephalopathy. 


MELD Score and Hyponatremia 


There is need for improvement of the MELD score as some 
subsets of patients with cirrhosis may have high mortality 
despite low MELD scores.?!-» In this regard, several 
recent studies have shown that serum sodium 
concentration is a good marker of prognosis in patients 
awaiting transplantation.>”” As per the results of these 
studies, the use of serum sodium in the assessment of 
severity of cirrhosis has been recommended. In patients 
with cirrhosis awaiting liver transplantation, MELD score 
and serum sodium concentration are the only 
independent predictive factors of 3 and 12 months 
survival in patients with cirrhosis awaiting liver 
transplantation. Addition of serum sodium to MELD 
score may improve the prognostic accuracy than MELD 
score alone.252? 
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Emerging innovations and advances in the field of liver transplantation, 
particularly in living donor liver transplantation has changed the concept 
of liver transplantation. Here we have discussed briefly and lucidly about 
the various surgical techniques (with color pictures) and management of 
DDLT, LDLT, Pediatric, Split, Domino and ABO-incompatible liver 
transplantation including the post-transplant management, 


immunosuppression, follow-up, short and long-term complications and 
their outcomes. Management of complications in the recipient on waiting 
listis an important aspect of this book. We have also focused briefly about 
the recent advances in liver transplantation such as stem cell, hepatocyte 
and xenotransplantation. We hope our contribution will be welcomed by 
the liver transplant community across the globe. 
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